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EXECUTIVE  SUMMARY 


The  1 994  Nuclear,  Biological,  and  Chemical  Contamination  Survivability 
(NBCCS)  Symposium  was  held  on  15  June  1994  at  the  Edgewood  Area 
Conference  Center,  Aberdeen  Proving  Ground,  Maryland.  Sponsored  by  the 
Chemical  Division  of  the  American  Defense  Preparedness  Association,  it  was  co¬ 
hosted  by  the  U.S.  Army  Research  Laboratory  (ARL)  and  the  U.S.  Army  Chemical 
and  Biological  Defense  Command  (CBDCOM). 

This  symposium  is  the  third  in  a  continuing  series.  The  first  was  held  on 
18-19  September  1991,  and  was  hosted  by  the  U.S.  Army  Chemical  Research, 
Development  and  Engineering  Center,  Aberdeen  Proving  Ground,  Maryland.  The 
second  was  neld  on  3-4  December  1992,  and  was  co-hosted  by  ARL  and  the  U.S. 
Army  Chemical  and  Biological  Dafense  Agency  (Provisional)  (CBDA). 

The  objective  of  the  symposium  was  to  provide  a  forum  for  the  exchange  of 
information  on  how  to  successfully  execute  an  NBC  contamination  survivability 
(NBCCS)  program  within  the  context  of  the  item/system  development  and  fielding 
program.  Key  to  this  exchange  was  the  participation  of  both  U.S.  Government  and 
industry  members  of  the  research,  development,  and  acquisition  community.  Also 
key  was  the  participation  of  the  iloint  Department  of  Defense  (DoD)  services. 
Selection  of  presentations  was  designed  to  help  others  avoid  "reinventing  the 
wheel"  and  to  demonstrate  that  NBCCS  can  be  achieved  without  "killing"  a 
program. 

A  total  of  1 6  presentations  were  given  at  this  symposium.  As  compared  with 
those  at  the  1 992  event,  these  presentations  differed  in  two  ways.  First,  they 
involved  the  Joint  DoD  services,  namely,  the  Army,  Navy,  and  Air  Force.  Second, 
they  included  new  topic  areas,  namely,  modeling  and  simulation,  and  predictive 
methodologies  applied  to  the  selection  of  materials  of  construction.  A  total  of  1 1 
exhibits  supplemented  the  information  provided  by  the  formal  presentations.  A  list 
of  exhibits  is  provided  on  page  203. 

The  symposium  demonstrated  that  significant  progress  has  been  made  in  the 
areas  of  design  and  testing  for  NBCCS  of  military  systems.  This  process  can  be 
attributed  to  a  strong  government-industry  team  effort  that  must  continue  if  this 
aspect  of  survivability  is  to  be  achieved  on  the  battlefield. 

In  publishing  these  proceedings,  the  hosting  organizations  seek  to  facilitate  an 
effective  and  timely  dissemination  of  technical  information. 
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WELCOME  ADDRESS 


Brigadier  General  George  E.  Friei,  USA 
Commander 

U.S.  Army  Chemical  and  Biological  Defense  Command 
Aberdeen  Proving  Ground,  MD 
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Today  I  want  to  join  with  Dr.  John  Lyons,  of  the  U.S.  Army  Research 
Laboratory,  and  welcome  you  to  the  third  NBC  Contamination  Survivability 
Symposium.  I'd  like  to  express  my  thanks  and  appreciation  to  the  American 
Defense  Preparedness  Association  for  another  exceptional  job  in  the  preparations 
for  this  forum.  Much  has  happened  over  the  past  year  in  terms  of  actual  technical 
progress  in  addressing  NBC  contamination  survivability.  This  symposium  will 
highlight  and  clarify  current  efforts.  I  also  would  note  that  this  is  a  true  Joint  DoD 
effort.  I  am  especially  pleased  to  welcome  the  other  services  here  and  note  that 
the  Navy  and  Air  Force  will  be  presenting. 

As  both  the  Departments  of  the  Army  and  Defense  right-size  and  move 
toward  a  more  mobile  lethal  force,  it  is  imperative  that  defense  systems  are  able  to 
survive  and  sustain  operations  in  a  multi-threat  battlefield  environment.  The 
chemical/biological  threat  remains  substantial,  and  without  our  retaliatory 
capability,  successful  defensive  measures  to  defense  weapon  systems  become 
paramount.  I  believe  tne  maturing  of  the  U.S.  Army  Chemical  and  biological 
Defense  Command  and  the  Survivability  Analysis  element  in  the  U.S.  Army 
Research  Laboratory,  and  the  teamwork  that  all  of  us  in  the  survivability  business 
are  fostering,  will  definitely  strengthen  our  ability  to  win  on  any  future 
battleground. 

Today  we  will  update  you  on  the  NBCCS  regulatory  documents  and  provide 
you  with  highlights  of  survivability  from  some  of  your  and  our  most  important 
programs.  Included  are  some  of  the  ongoing  modeling  initiatives  and  a  look  at  the 
future.  These  will  help  the  developers  in  determining  the  design  for  survivability. 
We  are  here  to  discuss  how  we  -  the  developers,  the  testers,  the  evaluators,  the 
users  -  can  ensure  maximum  readiness  for  our  forces. 

I  ask  all  of  you  to  aggressively  participate  in  this  forum  and  work  together  to 
create  a  strong  NBC  contamination  survivability  strategy  for  the  future,  which 
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should  include  innovative  programs  and  procedures  to  address  the  survivability 
needs  of  our  weapon  systems. 

Stop  by  the  exhibits  in  our  seminar  area  next  door  and  view  some  of  the 
latest  information  on  NBC  survivability. 

Thank  you  again  for  your  attendance  and  participation  in  this  important 
symposium. 
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KEYNOTE  ADDRESS 


Dr.  John  W.  Lyons 
Director 

U.S.  Army  Research  Laboratory 
Adelphi,  MD 
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General  Friel.  Distinguished  ARL  and  CBDCOM  engineers  and  scientists.  Guests. 


First,  a  brief  thank-you  to  the  folks  from  the  Chemical-Biological  Defense 
Command  for  co-hosting  this  meeting  with  the  Survivability/l  ethality  Analysis 
Direr;torate  of  the  Army  Research  Laboratory,  and  to  the  American  Defense 
Preparedness  Association  for  their  help. 

It  is  a  pleasure  to  welcome  all  of  you  to  our  third  symposium  on  the 
survivability  of  Army  materiel  to  nuclear,  chemical  or  biological  environments. 

Most  of  you  will  remember  that  we  held  our  first  such  meeting  just  after  Desert 
Storm. 

In  fact,  this  issue  of  the  survivability  of  Army  equipment  is  a  recent  issue. 

Just  ten  years  ago,  all  of  our  attention  was  focussed  on  protecting  soldiers  in  these 
highly  hazardous  situations.  The  Army  made  them  MOPP  gear,  we  created  water 
purification  systems,  we  continued  our  work  on  the  breathing  apparatus  soldiers 
wear  when  there  is  a  risk  of  contaminated  air.  All  of  you  here  very  likely  had  a 
hand  in  these  advances. 

Then  it  became  apparent  to  decision-makers  in  the  Army  that  there  was  more 
to  the  problem  than  had  been  considered,  it  became  a  first  priority  to  ensure  that 
the  equipment  soldiers  use  would  not  fail  them  in  hazardous  situations  -  nuclear, 
chemical,  biological. 

NBC  contamination  survivability  was  initiated  to  examine  the  effects  of 
potential  agents  and  decontamination  procedures  on  materiei,  to  look  at  the 
problem  of  decontaminability,  and  to  ensure  that  the  soldier  can  perform  the 
required  operational  and  maintenance  tasks  in  the  MOPP  IV  ensemble. 

To  assist  the  materiel  developer,  we  have  started  to  build  a  chemical  defense 
materials  data  base.  It  contains  the  most  available  information  on  how  the  physical 
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properties  of  material  are  affected  by  the  contamination  and  decontamination  of 
materiel. 

We  hope  that  soon  we  will  be  able  to  construct  a  predictive  model,  complete 
with  simulation,  that  will  tell  us  exactly  how  certain  contaminants  will  react  with 
materials,  give  us  a  cost/benefit  ratio  during  the  system  development  process,  and 
help  soldiers  survive  with  their  equipment  intact.  This  important  jcb  has  just  been 
made,  if  not  easier  »  then  certainly  more  synergistic,  by  the  collocation  of  ARL's 
Survivability/Lathality  Directorate  here  in  Edgewood,  in  close  working  proximity  to 
the  Chemical-Biological  Defense  Command. 

We  at  ARL  are  also  in  a  continuing  process  of  bringing  like  missions  together 
and  one  of  the  important  ones  is  our  Survivability/Lethality  Analysis  directorate. 
Soon,  scientists  from  both  the  Woodbridge  Research  Facility  in  Virginia,  which  is 
closing  in  Septembor  under  BRAC,  and  from  what  used  to  be  the  Harry  Diamond 
Laboratories  in  Adelphi,  will  relocate  here.  For  the  first  time,  we  will  have  what  I 
call  a  critical  mass  to  concentrate  on  these  very  important  issues  that  bring  you 
together  today. 

Let  me  tell  you  a  little  about  the  Army  Research  Laboratory's 
Survivability/Lethality  Analysis  Directorate  (SLAD).  ARL  has  nine  other  (and  soon 
to  be  ten)  technical  directorates  focussed  on  research  and  technology 
development,  which  is  a  primary  business  area  for  ARL.  Hcwcysr,  SLAD's 
mission  is  analysis  and  assessment  of  Army  systems  and  materiel  to  ensure  that  it 
survives  and  prevails.  Like  the  rest  of  ARL,  SLAD's  primary  customer  is  the 
materiel  development  community.  It  is  SLAD's  role  to  be  involved  throughout  the 
acquisition  process  to  assist  the  materiel  developer  in  building  systems  and 
equipment  which  have  the  required  hardness  characteristics,  that  can  be 
decontaminated  without  damage,  and  that  soldiers  can  use  effectively  in  full 
chemical  protective  gear. 
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The  capability  to  deploy  highly  lethal  combat  forces  and  sustainment  assets 
rapidly  from  bases  here  and  from  forward  locations  abroad  is  fundamental  to  the 
success  of  our  future  military  missions.  As  the  Army's  missions  expand  to  include 
peacekeeping  and  humanitarian  assistance,  it  appears  ever  more  likely  that  we  may 
face  situations  in  hostile  territory  that  coi/d  find  an  opponent  using  what  we  might 
consider  "old"  technology  or  technology  specifically  prohibited  by  international 
agreements  -  and  we  need  to  be  able  to  respond  quickly  and  with  confidence  that 
our  men  and  their  equipment  will  survive. 

Survivability  may,  at  times,  appear  to  take  a  back  seat  when  a  weapon 
system  is  conceived.  But  I  am  here  today  to  say  that  we,  collectively,  must  not  let 
this  happen. 

I  am  encouraged  and  confident  that  significant  progress  has  been  and  is  being 
made  in  the  implementation  of  NBC  contamination  survivability  in  various 
programs.  The  presentations  that  you  are  about  to  hear  are  not  only  oriented 
toward  the  incorporation  of  NBCCS  characteristics  into  the  end  item  configuration, 
but  also  toward  initiatives  under  way  in  areas  of  material  selection  and  modeling- 
simulation.  They  offer  promise  in  predictive  capabilities  that  will  help  us  reduce 
expensive  test  scenarios. 

I  have  several  objectives  for  you.  First,  I  want  you  to  use  this  opportunity  to 
communicate  your  technical  accomplishments,  problems,  and  the  opportunities  you 
see  ahead.  Second,  i  hope  this  symposium  offers  the  forum  by  which  to  exchange 
the  substantial  knowledge  base  of  the  many  organizations  represented  here  today: 
government,  industry,  and  academia.  Finally,  this  symposium  should  enhance  the 
cooperation  and  understanding  among  the  various  organizations  here  as,  together, 
we  pursue  the  most  effective  methods  to  ensure  system  survivability  in  a 
contaminated  environment. 
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We  must  ail  keep  in  mind,  as  this  symposium  unfolds,  that  our  uitimate 
customer  is  the  soldier  in  the  field,  who  is  totaily  dependent  on  our  capabiiities  to 
provide  contamination-survivabie  equipment. 

i'il  be  here  most  of  the  day  and  look  forward  to  talking  to  as  many  of  you  as  i 
can.  Have  a  profitable  symposium. 
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UPDATE  ON  NBCCS  REGULATORY  DOCUMENTS 

Dr.  William  S.  Magee 


Advocate  for  NBC  Survivability 
Office  of  the  Director  for  Chemical  and  Biological  (CB) 
Research,  Development,  and  Acquisition 
U.S.  Army  Chemical  and  Biological  Defense  Command 
Aberdeen  Proving  Ground,  MD 
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S.  ^03  ARMY 

CHEMICAL  AND  BIOLOGICAL 
DEFENSE  COMMAND 


UPDATE  ON  NBCCS  REGULATORY 
PPCUMENT$. 


Dr.  Williaim  S.  Magee,  Jr. 

Office  of  the  Director  for  Chemical 
and  Biological  RDA 


(410)671-3090 
DSN  584-3090 


r  CBDCOM 

^  us  WMI 
CHEMIC. 


US  ARMY 

CHEMICAL  AND  BIOLOGICAL 
DEFENSE  COMMAND 


□  BACKGROUND, 

□  STATUS 

□  CONCLUSION 


13 


CBDCOM 

V.  us  ARMY 

CHEMICAL  AND  BIOLOOICAL 
DEFENSE  COMMAND 


NARROWING  THE  FIELD  - 


CAMPAIGN 


MISSION 


r"^coM 


S.  VUSAHMY 

CHEMICAL  AND  BIOLOQICAL 
DEFENSE  COMMAND 


DOCTRINAL  REGULATORY 

NBC  ys.  NBC  CONTAMINATION 

SURVIVABILITY  SURVIVABILITY 


□  AVOIDANCE 


□  HARDNESS 


□  PROTECTION  □  COMPATIBILITY 


□  DECONTAMINATION  □  DECONTAMINABILITY 


r^? 


CBDCOM 

Vw  V^USAfiMY 

CHEMICAL  AND  BIOLOGICAL 
DEFENSE  command 


WAIVER  WAIVER 

OF  ^  OF 

REQUIREMENT  CRITERIA/PROCEDURES 

NDI  IS  AN  ACQUISITION  STRATEGY 
NOT  AN  EXCUSE  FROM  REQUIREMENTS 


NBCCS  IS  THE  RESPONSIBILITY 
OF  THE  MATERIEL  DEVELOPER 


CBDCOM 

^USA^Y 

CHEMICAL  AND  BIOLOGICAL 
DEFENSE  command 


INTENT 

ACCEPTABLE'  MISSION 
EFFECTIVENESS 


(AME) 


f  CBDCOM 

S.  >^US«MY 

CMEMICAIANOBIOIDOICAL 
DEFENSE  COMMAND 

STAJIlB-6:W£ 

DODI  4245.13 
(15  JUN  87) 

DESIGN/ACQUISITION  OF  NBC 
CONTAMINATION  SURVIVABLE 
SYSTEMS 

AFR  80-38 
(29  SEP  89) 

THE  AF  SYSTEMS  SURVIVABILITY 
PROGRAM 

SECNAVINST 
3400.2 
(4  MAY  88) 

DESIGN/ACQUISITION  OF  NBCC 
SURVIVABLE  SYSTEMS 

sTATii^cmiRmr 

chemical  AND  BIOlOaiCAL 

DEFENSE  COMMAND 

DODD  5000.1 
DODI  5000.2 

DEFENSE  ACQUISITION 

DEF  ACQN  MGT  POLICIES  & 
PROCEDURES 

23  FEB  91 

DOD  5000.2M 

DEF  ACGN  MGT  DOCUMENTATION  & 

REPORTS 

MEMO  (SECDEF)  SUBJ:  WAIVER  AUTHORITY 

28  MAR  94 

AR  70-1 

ARMY  ACQN  POLICY 

30  APR  93 

AP  70-71 

NBCCS  OF  ARMY  MATERIEL 

1  MAY  84 

AR  15-41 

NUC  &  CML  SURV  COMMITTEE 

28  FEB  92 

MEMO  (DCSOPS)  SUBJ;  DA  APPROVED  CRITERIA 

24  OCT  91 

QSTAQ  747 

NBCD  CONT  SURV  CRITERIA 

14  AUG  91 

TOPS  6-2-111/ 
8-2-510 

NBCCS  SMALL/LARGE  ITEMS 

JUL  92 
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r  CBDCOM 

kw  us  ARMY 

CHEMICAL  AND  BIOLOGICAL 
DEFENSE  JOMMAND 

STAim-comm 

(REV)  DODD  5148.2 
(REV)  DODD  5160.5 

MISSION/FUNCTIONS  OF  ATSD(AE) 
RESPONSIBILITIES  FOR  RDA 

AR  70-XX 

DA  PAM  70-XX 

DA  PAM  73-1  (REV) 
AR  380-86  (REV) 

SURV  OF  ARMY  PERSONNEL/MATERIEL 

ARMY  ACQN  PROCEDURES 

TEST  AND  EVALUATION 

CLASSIFICATION 

STANAG 

NBCCS 

COMBINED  BATTLEFIELD  ENVIRONMENTAL  EFFECTS  (CBEE) 
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OVERVIEW  OF  MULTIPURPOSE  INTEGRATED 
CHEMICAL  AGENT  ALARM  (MICAD)  PROGRAM 


Mr.  Frank  Belcastro 


MICAD  Team  Leader 
U.S.  Army  Edgewood  Research, 
Development,  and  Engineering  Center 
Aberdeen  Proving  Ground,  MD 


19 


Intentionally  Left  Blank 


20 


MULTI  ^  PURPOSE  INTEGRATED 
CHEMICAL  AGENT  ALARM 


^^ICAD 


BY: 

FRANK  J.  BELCASTRO 

CHEMICAL  AND  BIOLOGICAL  DEFENSE  COMMAND 

(CBDCOM) 


MICAD  DESCRIPTION 


•  MICAD  Is  A  Real  Time  NBC  Warning 
And  Reporting  System 

•  Automatically  Formats  NBC  Reports 
And  Transmits  Both  Horizontally  And 
Vertically  On  The  Battlefield 

•  Provides  Alarm  To  Individual  Soldier 

•  Provides  Inside/Outside  Vehicle  Sampling 

•  Provides  RF  Link  For  Remote  Detection 

•  Employed  In  Area-Warning,  Combat 

And  Armored  Vehicles,  And  Tactical 
Vans, And  Shelters 
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Hardware  Used 


IVIIUAL)  System  Currently  in  6.4  Development 

•  Display  Control 

-  CPU  W/Touch  Panel  Sceen 

-  Interface  Between  Sub-systems 
And  Communications  Network 


•  Sample  Transfer  System 

-  Provides  Inside/Outside  Air 
Sampling 


Hardware  Used 


IVIluAU  System  Currently  In  B.4  Development 


•  Telemetry  Link 

-  Remote  Detection  Using  RF 

•  Alert  Device 

-  Individual  Warning 

•  InterFace  Option  Cables 

-  Contain  Logic  To  Link  Sub-system 
To  Display  Control 
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MICAD  COMNET  LAYDOWN 


tf 


ON-BOARD 
DETECTION  SYSTEM 


MICAD  COMNET  LAYDOWN 


/ 

♦t 


♦t 


ON-BOARD 
DETECTION  SYSTEM 
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_ Design  Philosophy 

*  True  Concurrent  Engineering 

*  Key  Design  Considerations 

-  Design  To  Unit  Production  Cost 
'  Reliability 

•  Maintainability 

-  Produdbility 

-  Human  Engineering 

-  Value  Engineering 

-  Environmental  Survivability 

-  Electromagnetic  Compatibiiity 

-  NBC  Survivability 


Summary 


•  Aggresive  NBC  Survivability  Program 

•  Data  From  Analysis  And  Test  Has  Been 
Fed  Back  Into  The  Design 

•  The  Design  To  Include  Materials 
Selection,  Has  Changed  In  order  To 
Meet  Or  Exceed  NBC  Survivability 
Criteria 
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MICAD  NBCCS  PROGRAM  PLAN 
&  TEST  AND  EVALUATION 


Mr,  Thomas  M.  McMahon 


Head,  Chemical  Surety 
Calspan  Corporation 
Buffalo,  NY 
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MICAD  NBCCS  PLANNING,  ANALYSIS, 
DESIGN  AND  TESTING  PROGRAM 


Thomas  M.  McMahon 
and 

Roland  J.  Pilie’ 


CALSPAN  CORPORATION 
Buffalo,  New  York 


Presented  at  NBCCS  Symposium  at  APG,  15  Juno  1994 
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at 
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NBCCS  Goals:  1 .  Achieve  highest  degree  of  NBCC  survivability 

possible  within  mission  perfonnance  design. 

2.  Achieve  ail  NBCCS  characteristics  throughout 
design. 

NBCCS  Tradeoff  Priorities: 

la.  Hardness  to  Contaminants 

lb.  MOPP  IV  Compatibility 

2.  Hardness  to  Decontaminants 

3.  Decontaminc^ility 


UWeifepe 

The  MICAD  NBCCS  Program 
at 

CALSPAN 
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1  CSC  #MC 

MICAD  NBCCS  PROGRAM  ACTIVITIES 


•  Engineering  Support 

-  Vulnerability  Analysis 

-  Materials  Database  Search/Selection 

-  Hardware  Design  Enhancement 

•  Programmatic  Support 

-  Start  of  Work  Meeting  (SOWM) 

-  System  Requirements/Design  Reviews 
(SRR,  SDR) 

-  Test  Working  Integration  Group  (rwiG) 

-  Critical  Design  Review  (CDR) 

•  Engineering  Testing  (ET) 

-  CCS  Materials  Preliminary  Hardness 

-  CCS  Materials  Decontaminability 

-  BCCS  Piece  Parts/Components 

•  Production  Proveout  Testing  (PPT) 

-  BCCS  Components  I.OI^/SUL 

cepe 
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The  MICAD  NBCCS  Program 
at 

CALSPAN 


OBJECTIVE  OF  THE 
VULNERABILITY  ANALYSIS 

•  To  identify  potentialiy  vulnerable  components  of  the  MICAD 
systems  as  the  design  matures  so  that  survivability  specialists 
can  work  with  design  engineers  to  minimize  BCCS  problems 
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SURVIVABILITY  ANALYSIS  APPROACH  FOR  MICAD 


System 

Familiarization 


I 


Threat  Definition 


Accessible 


I 


Vm 


Test 


Uncertain 


Mission  Critical 


Ho 


No 


Survivable 
(Accept  for  PPT) 


Decontaminable 


Susceptible 


i  Vw 


Vulnerability 

Exists 


j  Ym 

Survivable 
(Accept  for  PPT) 

— *►  Start  Redesign 


Uncertain 


Test 


No 
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SUSCEPTIBILITY  ANALYSIS  APPROACH 

•  Decompose  components  to  pieceparts;  and  pieceparts  to  materials 

•  Consult  databases  on  materials/agents,  decontaminant  interactions,  resulting 
property  changes  and  decontaminability  problems 

•  Examine  infiuence  of  material  property  changes  on  ability  of  piecepart  to 
function  properly 

-  Interact  with  designers  to  seek  substitute  for  problem  materials 

-  Recommend  materials  and/or  piecepart  tests  where  data  are 
inadequate 

•  Examine  influence  of  degradation  of  piecepart  function  ori  the  ability  of  each 
component  to  function  property 

-  Interact  with  designers  to  correct  proolams  that  are  uncovered 

•>  Recommend  component  tests  where  uncertair'ty  exists 

•  Examine  component  configuration,  assembly,  bonding,  and  seal  methods  for 
potential  hardness  and/or  decontaminability  problems 

-  Interact  with  designers  to  correct  problems  that  are  uncovered 

-  Recommend  component  tests  where  uncertainty  exists 

i.anAL.^ 
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Table  IB 

SUMMARY  OF  BASELINE  DATA  ON  ENCLOSURE  MATERIALS 
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Rtcommondallon 
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Test  for  Decontamlnablllly 

Eoobond  AdtiooNo 

Calipon:  MICAD  Prolim. 

HtrdrMuToili 

CaiopM:  Mock  Box  Toou 
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pfoWamo  wan  obaatvad. 
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and  daeentamlnabla. 

Uia 

UhraiceM 


CRITICAL  DESIGN  REVIEW 
UNIVERSAL  INTERFACE  UNIT  (UIU) 
KEY  DESIGN  ISSUES 


•  NBC  SURVIVABILITY 

•  LOW  COST 

•  RELIABILITY 

•  MAINTAINABILITY 

•  ENVIRONMENTAL  SURVIVABILITY 

•THERMAL  - 
•SHOCK  AND  VIBRATION 

•  FLEXIBILITY 

•  ELECTROMAGNETIC  COMPATIBIUTY 

•  HUMAN  ENGINEERING 
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UNIVERSAL  INTERFACE  UNIT 


Rnngiiiih  of  M1CA0  Mock  AncaAly  Bax  •  1  wiib  biicn  Sketch  of  lA  Ccooecion 
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The  Test  Sequence 

1 .  Baseline  Performance  Test. 

2.  Contaminate  with  Biological  Simulant. 

3.  Decontaminate  with  2.5%  Sodium  Hypochlorite. 

4.  Performance  Test. 

5.  Contaminate  with  HD,  1 0  g/mz. 

6.  Decontaminate  using  Methods  Prescribed  by  PM. 

7.  Contact  Hazard  Measurements. 

8.  Desorption  (Offgassing)  Measurements. 

9.  Contact  Hazard  Measurements. 

1 0.  Performance  T est. 

1 1 .  Repeat  5  through  1 0  with  VX. 

1 2.  Repeat  5  through  1 0  with  TGD. 

Some  simple  electrical  performance  tests  are  run  while  the 
test  articles  are  in  the  contaminated  condition. 


Part  Natne/Test  DcKripiion 


IA*Conneaon,  Female  w/MakCapiJ3J4JS 


lA  Connecton,  Mile  w/Female  Capi.i3J4Ji 


Power  Connector  «l 


PowerConne«or#2  _ 


Power  Connector  *3 


LED*. Style  l.«I.«2,«3 


LEI>i.Siyle2.#l,*2,N3 


Binding  Posu  «1.  *2, #3 


Part  Number  Location 


D389W/26WD33SN  Mock  Box#! _ 


WD33PN  Mock  Box  «2 


ID38999/24WBSPN  Mock  Box#l 


WB3PN  Mock  Box  «2 


SPN  Mock  Box  *3 


Mock  Box  *1 


Mock  Box  *2 


IM33I48/8-PB  08N  Mock  Box  «3 


IEESlEES 


In-Line  PowerConneciordl.Smoolh  Plaitic  OC48I6ANF1S-3S-13  Sepaiaie 


In-Line  Power  Connector  *2,  Textured  Plauic  |OC48l6ANFiS-33-i}  ISepanie 


In-Line  Powei  Connector  #3,  Steel 


|aC48l6ANFIS-3S-lS  Sepante 


Functional  MeasuremenLs 


Pin-io-Pin  Insuliiion  Resistance 


IContact  Resistance 


JConun  ResUiance 


IContact  Resiiiance 


Luminosil 


Exiemii-toHDround  Resistance 
Exiemal-to-lniemal  Resistance 


Contact  Resistance,  Pin-io-Pln 
Insulation  Resistance 


ConuKt  Resistance.Pln-io-Pin 
Insulation  Resistance 


Contact  Re*iitance,Pin-to-Pln 
Insulation  Resistanoe 
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Typical  Ciinlucl  Huxnrd  Tost  Dutii 
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THE  DESORPTION  RATE  MEASUREMENT 

PROCEURE 


Test  Cell 


=  V -^  =  S(t)  -  L(t) 

L(t)  =  C  (R  +  K) 

_ LOraAL-  . 
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FUNCTIONAL  FCRFOMtANCE  TEST  RESULTS 
MotklAtVl 


BIOLCXilCAL 
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lA  CONNECTOR  PIN  TO  PIN  INSULATION  RESISTANCE  TEST  RESULTS 
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LED  LUMINOSITY  TEST  RESULTS 
plKMOIIIClei  output  (Volu) 
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BCCS  TEST  RESULTS  -  HARDWARE 

•  BINOINQ  POSTS 

-  ALL  BINOINQ  POSTS  PASSED  ALL  ELECTRICAL  HARDNESS  TESTS 

-  THERE  WAS  NO  EVIDENCE  OF  LEAKAGE  AROUND  BINDING  POST  MOUNTS 

•  LEDf 

•  ALL  LEDs  PASSED  ALL  LUMINOSITY  TESTS 

>  SERIOUS  CORROSION  OCCURRED  ON  THE  INTERIOR  OF  LED  MOUNTS  ON 
BOX  «1.  ISOLATED  WATER  MARKS  AROUND  CORRODED  LEDs  SUGGEST  LEAKAGE 
THROUGH  THE  MOUNTS. 

•  THERE  WAS  NO  EVIDENCE  OF  CORROSION  OR  LEAKAGE  THROUGH  LED 
MOUNTS  ON  BOX  12. 

•  DISTORTION  OF  THE  Nl  FILLED  EPDM  GASKET  AND  SERIOUS  LEAKAGE  INTO 
BOXII 
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BCCS  TEST  RESULTS  -  HARDWARE 


iA  CONNECTORS  AND  POWER  CONNECTORS 

•  ALL  IA  CONNECTORS  AND  POWER  CONNECTORS  PASSED  ALL  ELECTRICAL 
HARDNESS  TESTS 

•  THE  BUTYL  GASKETS  SUCCESSFULLY  EUMINATED  LEAKAGE  THROUGH  THE 
KEYHOLE  IN  RECEPTACLE  MOUNTS 

•  THE  RECEPTACLES  THAT  WERE  CAPPED  WITH  STAINLESS  STEEL  DUST 
COVERS  REMAINED  DRY  THROUGH  ALL  TESTS 

•  MOISTURE  WAS  OBSERVED  INSIDE  OF  RECEPTACLES  MATED  TO  CABLES  AND 
TERMINATOR  CAPS.  INVESTIGATION  STILL  IN  PROCESS 


LPraAL,  j 

UhrMUM 


ARViN 


(716)  s3i-aeos 


CALSPAN  CORPORATION 

m/ANCSD  nCHNOLOQY  CENTER 
P.O.  Box  400,  BulNlo,  Now  York  14226 
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Thomas- M.  McMahon 

Ctmmkol  Sinty  SocSon 
Ph^ool  Scloncu  Dipt. 
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OVERVIEW  OF  THE  ARMORED  GUN 
SYSTEM  (AGS)  PROGRAM 


Mr.  Albert  P.  PuzzuoH 

Deputy  Project  Manager 
Office  of  the  Project  Manager 
for  the  Armored  Gun  System 
Warren,  Ml 
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ARMORED  GVN  SYSTEM 
PROGRAM  OVERVIEW 


MR.  ALBERT  PUZZUOLI 

DEPUTY  PROJECT  MANAGER 
ARMORED  GVN  SYSTEM 


15  JUNE  1994 


AGS  MISSION:  ^ 

pffovrocfxmcrnRf  wfPOKtroK 
LIGHT  PORCa  WHBRe  TANKS  MB 
NOT  AVAILABLB ... 


RAPID  STRATIQIC  OEPLOYAIIUTY 

CONTINGENCY  PORCI  AREAS 
OP  OPERATION 


WHAT  AGS  IS... 

A  UOHT  WBIQNT  MOBILE  OUN 
SYSTEM  INTENDBD  TO  REPLACE 
THE  M8S1  BHBRIDAN 


AIR  DEPLOYABLE  -  MRLANDT' 
LOW  VELOCITY  AIR  DROP 


MORE  LETHAL,  BURVIVABLE,  DEPLOYABLE  A 
SUPPORTABLE  THAN  M8S1 


AIRBORNEi  UOHT  INFANTRY; 
LIGHT  ARMOR  FORMATIONS 


REASONABLE  SURVIVABILITY 


CONDUCT  OFFENSIVE  AS  WEU 
AS  DEFENSIVE  OPERATIONS 


DESIGN  EASED  ON  PROVEN 
NON-DEVELORMBNTAL  (NDI) 
9MPONBNTS  A  TECHNOLOOIES 


PROVIDE  CAPABILITY  TO  DEFEAT 
TANK*  IN  CONJUNCTION  WITH 
LONG  RANGE  ATOMS 


WHAT  AGS  IS  NOT... 

A  MAIN  BATTLE  TANK 


WHAT  AGS  CANNOT  DO. 

PIOHT  rOE-TO-TOE  WITH 
NEAVr  TANKS  ALONE! 
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AOS  PROGRAM  (FUE  FEB  99) 


(Not  Mutinttt  At  Ututi) 


OTWWimOT  AB^UIlMMn  CWMipJ 

(TokidutfvNaoo*) 

CsnlnelM  OWm  TaW  tyiMm  RMpoMlMINy 

CoalTKti^f  Pfav^tfM  UjiRofit  AaMMMaiR  Mwi 
•  UlmhtMNMoMCMitnclarRtRortlngRaRulraKMNi 
.  •  CMitraeta/MWUaWeTakUMBiidftotulfMMMtV^ 


>gSULT«  ^ 

•  No  0«v<opm»M»l  WBCCT  M»rdwif» 

•  aMndoM  CoHoMvo  OfoMoMn  Compeimiti 

•  MonOord  DoNsUoiWWamlng  Dovicoo 

•  MOPRIVfratacdvaOvaf  aanaaMa 

•  Na  KnvtroMiantal  CaMral  tyataaia 

•  CAIICMnt 

•  MaadaiumUtaaf  NMCampaUMaMaMNala 


AGS  PROGRAM  NBCCS  RISK 
ASSESSMENT  METHODOLOGY 


Mr.  Francisco  Magno 

AGS  NBCCS  Project  Engineer 
United  Defense  L.P. 

San  Jose,  CA 
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around  SyaiMiw  Diviaton 
Sana  Clara 


Armored  Gun  System 
Vulnerability  Analysis 
Methodoiogy 
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Ground  SytiMnt  Divblon 
6inU  Clira 


Analyses  Used  to  Support 
NBCCS  Requirements 


m 


Ground  Syfttmt  Oivitlon 
Santa  Clan 


iQround  SyittiM  OlvMon 
S«nla  Clan 
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AGS  Threat  Levels 


Qround  SyaiaiM  OivMon 

Santa  Clara 


Prediction  of  Damages 


How  is  the 

What  are  the 

Hern  being 

hiatorleal 

exposed? 

damagoa? 

List 

Predicted 

Damagec 


I 


— What  la  the  level  of 
— Will  it  be  in  contact 


agent  exposure? 


Will  it  be  in  contact  with  decon  and  to 
what  extent? 

-  FM  3*6  apeelflee  a  60  mini'*  deliberate  decon 
time  In  which  10  minutea  is  dedicated  to  Interior 
decontamination  appiicaticn. 


Qround  Syaianta  Olvlalon 
Santa  Clara 


Criticality  Analysis 


Damage 

Prediction 

■1 

Effect  on 
Mission 
(End  Effect) 


•  Ground  Rule  Example 

-  Crew  has  ample  time  to  don  protective  gear  to  continue 
mission  in  a  contaminated  environment,  meaning  that  agent 
desorption  affects  avaiiabllity  and  degrades  foilow-on  mission. 

•  Use  FMECA  data 

•  Categorize  damages  according  to  end  effect: 

I  ■  Catastrophic  -  causes  death  or  weapon  system  loss 

II  •  Critical  -  mission  abort/loss 

III  -  Marginal  -  delay/loss  of  availability  or  mission  degradation 

IV  •  Minor  -  results  in  unschsduled  maintenance  or  repair 
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Agent 

Exposure 

Lava! 

QreuM  SyMtiM  Olvliion 
Santa  Clara 


Assignment  of  Probability 
(Index)  of  Occurrence 


Deeon  Exposure 
Based  on 
Location  A  FM  3*6 


1 

I 


r 

ft 


Aasign 

Probability 

(Index) 


Lftval  A  -  Insured:  100% 

Level  B  -  Frequent:  70%  ^  Prob  Occ  <  100% 
Level  C  •  Reasonable:  40%  ^  Prob  Occ  <  70% 
Level  D  -  Occasional:  10%  ^  Prob  Occ  <  40% 
Level  E  -  Remote:  1%  ^  Prob  Occ  <  10% 

Level  F  •  Unlikely:  Prob  Occ  <  1% 

NOTE:  use  Index  to  uvold  the  tnlslssiing  daflnition  of  Probsblllty 


arouttd  Syatama  Olvlalon 

Santa  Clara 


Suh/Part 

Name 

Material 

Power 
Diet  Unit  / 
Etect 

Harneee 

N/A 

Power 
Diet  Unit  / 
Eteor 

Harneee 

Vlton 

Sheath. 

Silicone 

Polling 

Power 
Diet  Unit/ 
Elect 

Harnaaa 

N/A 

Susceptibility  Table 


!?!»•  Cauaa  Looal  Sav  of 

loda  Effect 


No  Cannot 
Elaot  Ptro 
Power  Weapn 


Mitigation 

Plan 

Other 

Apply 
Rayohem 
Heat  Shilc 
for  PSI 

Vapor 
only. 
Deoon 
exp  low 

Same 

Same 

Same 

Same 

«  All  columns  not  required  for  pre-assessment 

•  Sort  by  severity  and  probability  of  occurrence 

•  Add  column  to  list  system  function  by  priority 


Ground  Syttcma  Olvltlon 
Sanlt  Clam 


Impact  of  Susceptibility 


ys 

•  Changed  from  silicon  to  EPDM  for  aeairng'^^ 
applications  on  hatches  and  electronic  ^|p(&poiu^ 

•  Relocated  turret  exhaust  fan  to  lower  thre^ev^ 
In  autoloader  compartment 

•  Performed  DS2  testing  on  armortlle^heslve 
because  of  Its  high  priority 

•  Designed  seat  cushions  to  be  easily  remStJCl^ 

j|lQdueat^ 

•  Elevated  Importance  of  scheduling  NBCCS^ 
electrical  design  changes  into  pre-production 
Improvement  stages:  protective  heat  shrinks, 
switch  covers,  EPDM  seals,  parylene  coated 
panels,  and  NBCCS-tested  switches. 


Ground  8ytt«m«  Division 
Bams  Clan 


Lessons  Learned 

•  Presentation  of  analysis  results  should  be 
scheduled  to  provide  input  before  key  design 
decisions  are  set. 

•  GFE  and  NDI  may  have  an  adverse  effect  on 
the  system’s  NBCCS  because  It  Is  difficult  to 
Incorporate  changes  to  the  design. 

•  A  test  program  is  imperative  to  positively 
Identify  and  eliminate  NBCCS  risk  areas 
because  of  the  lack  of  usable  test  data. 

•  To  prevent  NBCCS  from  being  a  hidden 
requirement,  NBCCS  should  be  an  integral 
part  of  concurrent  engineering  and  design 
approval. 


around  SyMmw  dvMon 
Snnla  Clara 


Summary  of  Analysis 
Key  Points 

•  The  method  evolved  from  e  need  to  eoet- 
effectively  Identify  NBCCS  r^ek  of  complex 
eyetem. 

•  The  anGlyele  methodology  allows  Identification 
of  risks  at  ail  stages  of  designs  and  enables  us 
to  provide  feedback  before  koy  design  decisions 
are  set. 

•  Risks  can  be  prioritize  so  that  efforts  can  be 
aimed  at  the  most  critical  areas  impacting  the 
system  survivability. 

•  Acceptance  of  an  analysis  method  Is  required  to 
standardize  NBCCS  approaches. 
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NBCCS  tN  THE  TACTICAL  QUIET 
GENERATOR  (TQG)  PROGRAM 


Ms.  Kelly  Alexander 


Project  Engineer 

Office  of  the  DoD  Project  Manager 
for  Mobile  Electric  Power 
Springfield,  VA 
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Tactical  Quiet  Generator  Sets 
NBC  Contamination  Survivability 


to 

American  Defense  Preparedness  Association 

15  June  1994 

Kelly  Alexander 
Project  Engineer,  PM-MEP 


Tactical  Quiet  Generators 

Required  Operational  Capability  (ROC) 


•  3kW  Through  200kW 

•  Multi-Fuel  (JP-8,  JP  4,  JP-5,  DF-1 ,  DF-2,  DF-A) 

•  Reduced  Noise  and  IR  Signature  Levels 

•  More  Reliable 

•  Less  Weight 

•  HAEMP  Protected 

•  Reduced  Fuel  Consumption 

•  Total  Package  Fielding  (Logistically  Supportable) 

•  Power  Units/Power  Plants 

•  Less  Cost  (Procurement,  Support,  Cost) 

•  Transportable  (EAT,  5  &  1 0  kW,  Air  Drop  etc.) 

Increased  Wat  Fighting  Capabiiities  for  Commanders: 
Combat  Multipiier  Offsetting/Battiefieid  Deficiencies 


D 


jWfWHntf 


Total  TQG  Program 


•  Ge'  ■*’p*ors 

-  1  ?  .  'dels  Replace  31 

•  Power  Units/Powor  Plants 

-  19  Models  Replace  54 

•  DISE 

-  5  Models 

•  Provides  Electrical  Power  to  Virtually 

all  Army  Systems 

"  Weapon  Systems 

-  Communication  Systems 

-  Medical  Systems 

-  Combat  Support  Systems 


I^MEP-OOUW'.' 


n-MEP'00l/V4.J 
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•  TQG  Waivers  to  AR  70-71 

-  First  Production 

-  Rebuy 

•  Dugway  Paper  Study 

•  Vulnerability  Assessment 

•  Chemical  Contamination 
Survivability  Test  @  DPG 

•  Operational  Effectiveness  and 
Cost  Trade-off  Analysis  (OECTA) 

•  Brief  NBCSC 


Approved  Jun  92 
Approved  Aug  93 

Complete 

Complete  Nov  93 
Oct  93-Jan  94 

Jun  93  -  Apr  94 
Quarterly 
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bV:  MBCCS  Waiver  Backgrdund 


•  Approved  1 5  Jun  92;  Rebuy  Aug  93 

•  Waiver  for  Current  Production  of  1 7,000; 

Rebuy  17,000 

•  Required  After  Milestone  III  IPR 

-  Vulnerability  Assessment 

-  Live  Agent  Test  ASAP 

-  Get  Weil  Program 

•  Interim  Soiution 

-  Manuai  Changes 

•  Coordinate  with  CRDEC,  TECOM,  Natick, 

and  USANCA  Regarding  Design  and 
Material  Changes 

•  OECTA 

•  Brief  NBCSC  Quarterly 


•  Hardness  to  Decontaminants  a  Greater 

Probiem  than  Contaminants 

•  Live  Agent  Testing  Needed  to  Determine 

Hardness  to  Contaminants/ 
Decontaminants 

•  Protective  Cover 

-  Reduce  interior  Levels  of  Contamination 

-  Storage  and  Operation 

•  Air  Fiitration 

•  Alternate  Methods  of  Decontamination 

-  Decontaminants 

-  Tailored  Procedures 

•  Operational  Considerations 

-  Generator  Set  Disposal 

-  Operation  in  MOPP 


r 


Chemical  Contamination 

\  '  * 

(.  Survivability  Test  Plan 


Phase  I 

Dynamic  Liquid  Simulant 


•  MES  Applied  to  5  kW  and  60  kW  TQGs 

@10  g/m2 

•  Internal  and  External  Simulant  Levels 

Measured  with  Swab  Samples,  Filter 
Paper,  Printflex  Cards  and  Minicam 
(After  Application;  Again  After  8  Hours 
of  Opei'ation) 

•  Electrical  Performance  Test  Conducted 


l)-MEP-0UU94V 


Chemical  Contamination 
Survivability  Test  Plan 


Phase  II 

Static  Decontamination 


•  One  Cycle  of  Hot,  Soapy  Water  or 
Steam  Followed  by  Water  Rinse 

«  One  Cycle  of  DS2  Sprayed  on  TQG  with 
M11  Apparatus 


Electrical  Performance  Test  Conducted 
Between  Cycles 


im 


Chemical  Contamination 
Survivability  Test  Findings 


After  Phase  I  (Simulant  Application) 


Both  Sets  Operating  Within  Specified 
Electrical  Parameters 

Internal  Contamination 


■KUJJJlMlliMMII.g 


Both  Sets  Operating  Within  Specified 
Eiectricai  Parameters 

Internal  Contamination  Measured  l)y 
Minicam  Reduced  by  a  Factor  of  1 0 

All  Swab  Samples  Measured  Zero 
Contamination 


Chemical  Contamination 
Survivability  Test  {findings 


•  5  kW  Operable  at  25,  50  and  75%  Loads  Only 

•  60  kW  Non-Mission  Capable  due  to  Failure  of  Voltage 

Regulator 

•  Both  sets  had  Problems  with  CARC  Peeling  and  Corroding 

•  Polyurethane  Foam  Coating  Degraded,  Peeling,  Sagging 

•  Switch  Box  Inoperable 

•  Lettering  on  Fault  Indicator  Panel  Erased 

•  Rubber  Seals  Around  Doors  Damaged 


Operational  Effectiveness  and 
Cost  Trade-off  Analysis 


Purpose 


Survey  Commercial  Market  for  Cost  Effective 
Alternatives  with  Potential  to  Enhance 
Chemical  Contamination  Survivability  of  the 
TQG 

Provide  Recommended  Solutions  to 
Deficiencies  Resulting  from  Simulant  Test  at 
DPG 


mi 


Comparison  Techniques  Used 
for  Trade-off  Analysis 


•  Operational  Effectiveness  (Weight, 

Performance,  Size,  Mobility,  Power) 

•  Potential  Survivability  Enhancement 

•  Hard  to  Get  RoaUstic  Costs  from  Suppliers/ 

Manufacturers  Without  Requesting  a  Bid  or 
Quote 


Alternatives  Considered 


•  Status  Quo 

•  Contamination  Avoidance 

•  Harden  Vuinerabie  Areas  of  Generator  Set 

\ ^ 


Recommendations  to  NBCSC 


•  Alternative  II  -  Contamination  Avoidance 

-  Aerodynamic  Filter 

-  Cover  Over  Control  Panel 

Issue  as  Field  Installable  Kit 

•  "Limited"  Hardening 

-  Near  Term 

—  Glass  Dials/Qauges  (All  but  two  Currently 
use  Glass) 

“  Require  Epoxy  Sealant  -  No  RTV  Sealant 
—  Lettering 

-  Long  Term 

“  Replace  Gaskets/Seals  with  Butyl  Rubber 
(May  Require  Some  Development) 

V _ J 

n.M£p.f*ji/v4  r. 
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11^1 


Justification 
for  Recommendations 


•  Compatible  with  NDI  Approach 

•  Cost  Effective 

•  Operationally  Effective 

•  Easily  Implemented 
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1 1-MFP  noi/v4  :i 


Implementation  of  Recommendations 


•  Protective  Cover  and  Air  Filter  Being 

Designed 

•  ECPs  in  Process  to  Substitute  Sealant, 

Seals,  Lettering  on  Fauit  Indicator 
Panel,  and  Glass  Dial  Covers 


NBCCS  IN  THE  1 20  MM  MORTAR  PROGRAM 


Mr,  Edward  Lewis 


Project  Engiraeer 
Office  of  the  Product  Manager 
for  Mortar  Systems 
Picatinny  Arsenal,  NJ 
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NUCLEAR,  BIOLOGICAL  AND 
CHEMICAL  CONTAMINATION 
SURVIVABILITY 
SYMPOSIUM 


MR.  EDWARD  LEWIS 
PROJECT  ENGINEER 


PM  MORTARS 


PM  MORTARS 


•  SYSTEM  CONTRACT  WITH  MULTIPLE  OPTIONS  FOR  ROTE  AND 
PRODUCTION  PERMITTINQ: 

•*  PURCHASE  a  TEST  OF  FOREIQN  NOI  WEAPONS  A 
AMMO  (FYS6-80) 

"  LIMITED  OFF-SHORE  PRODUCTION  BUY  TO  FIELD  THE  »TH 
INF  DIV  (FY  »0) 

-  ENHANCEMENT  OF  AMMO  TO  INCREASE 
PERFORMANCE  (FYSS-W) 

-  CONUS  PRODUCTION  OF  ENHANCED  AMMUNITION  (FY91) 

•  ALL  SUBSEQUENT  WEAPON  PRODUCTION  ON-SHORE  BY 

WATERVLIET  ARSENAL  _ _ 


'WAIVER  OBTAINED  APR  01  FROM  NUCLEAR  AND  CHEMICAL 
SURVIVABILITY  COMMITTEE  WITH  TWO  STIPULATIONS; 

•  TEST  THE  BMS 120  AT  DPG  TO  DETERMINE  ACTUAL 
RESIDUAL  HAZARD  LEVELS  USINOSTO  HELD  DECON 
PROCEDURES  AND  PROVIDE  RESULTS  TO  USER  REPS 
AND  COMBAT  DEVELOPERS. 

•  ENSURE  DOCTRINE  AND  UNIT  STANDING  OPERATIONAL 
PROCEDURES  EMPHASIZE  CONTAMINATION  PREVENTION  FOR 

THE  BMS  120  WITH  USE  OF  CHEMICAL  PROTECTIVE  COVERS. 

I  PM  MORTARS  h 
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120MM  MORTAR 
NBC  EFFORTS 


«  ALTERNATE  MATERIELS  FOR  WORST  CASE  MATERIELS 

•  DECONTAMINATION  TEST  ON  BIPOD 

•  NBC  COVER  STUDY 

•  LOGISTICS  CHANGES 

•  M67  SIGH  r  UNIT  COATING  , - 

PM  MORTARS 


''  III  .  I  . , 

LESSONS  LEARNED 

-  -k 


*  ADDRESS  NBC  REQUIREMENT  AS  EARLY  AS  POSSIBLE 
IN  ACQUISITION  CYCLE. 

*  UTILIZE  EXPERTISE  AND  INFORMATION  AVAILABLE 
FRCAA  NQC  COMMUNITY.  DO  NOl  REINVENT  THE  WHEEL. 

*  VIEW  r  SURVIVATIUTY  COMMITTEE  SECRETARIAT 
AS  AN  ALuY. 

PM  MORTARS  | 
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NBCCS  IN  THE  MINI  EYESAFE  LASER  INFRARED 
OBSERVATION  SET  (MELIOS)  PROGRAM 


Mr.  Richard  Renairi 

Project  Engineer 
Office  of  the  Project  Manager 
for  Night  Vision  and  Electro  Optics 
Fort  Belvoir,  VA 
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MINI  EYESAFE  LASER  INFRARED  OBSERVATION  SET 


AN/PVS-e 


MELIOS 
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MELIOS  PROGRAM  HISTORY 


•  LOA  APPROVED . 

JUN  81 

•  ADVANCED  DEVELOPMENT - 

SEP  83  -  SEP  88 

-  2  TECHNOLOQIES,  BOTH  SUCCESSFUL 

•  ROC  APPROVED . 

DEC  87 

•  DPPO  CONTRACT  AWARDED - 

-SEP  88 

•  DT/OT-II . 

-  JAN  -  SEP  01 

•  C/VAM  DEVELOPMENT . 

-  APR  01  -  OCT  93 

•  MILESTONE  III  REVIEW . 

-  DEC  01 

•  PRODUCTION  OPTION  EXERCISED 

-  -MAR  92 

•  C/VAM  MILESTONE  III  REVIEW  -  -  • 

-MAR  94 

•  C/VAM  PRODUCTION  OPTION  EXERCISED  -  -  APR  04 

•  FIRST  UNIT  EQUIPPED . 

-  APR  94 

AN/PVS-6  MELIOS 

MAJOR  PLAYERS 

ACQUISITION  EXECUTIVE 

PROGRAM  EXECUTIVE  OFFICER  FOR 
INTELLIGENCE  AND  ELECTRONIC 

WARFARE 

PROGRAM  MANAGER 

PROJECT  MANAGER  FOR  NIGHT 

VISION  AND  ELECTRO-OPTICS 

MATERIEL  DEVELOPER 

CECOM  NIGHT  VISION  AND 

ELECTRONIC  SENSORS  DIRECTORATE 

COMBAT  DEVELOPER 

US  ARMY  INFANTRY  SCHOOL 

78 
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MELIOS  PERFORMANCE 


EYE  SAFETY 

EYE8AFE  AT  APERTURE 

EYESAFE  AT  APERTURE 

OPTICAL  HAFIDENINQ 

HARDENED 

HARDENED 

MINIMUM  RANQE 

60  M  ROD,  30  DESIRED 

60  METERS 

MAXIMUM  RANQE 

10,000  METERS 

9995  METERS 

RANQE  ACCURACY 

«/-  6  METERS 

♦/-  6  METERS 

DISPLAY 

IN  EYEPIECE 

IN  EYEPIECE 

COMPASS 

*/■•  10  MILS  AZ  &  VAM 

*/-  10  MILS  AZ  &  VAM 

MELIOS  PERFORMANCE 

PARAMETER 

ROC  REQUIREMENT 

DEMONSTRATED 

BATTERY 

ONE  STANDARD  ARMY 

BB-Sie  NICd 

RANGINGS  PER  BATTERY 

3,60C  W/GOMBAT  BAT 

600  WITH  BB-616 

LOW  BATTERY  INDICATOR 

VISUAL  IN  EYEPIECE 

VISUAL  IN  EYEPIECE 

CARRYING  CASE 

REQUIRED 

PROVIDED 

SHIPPINQ/STORAQE  CASE 

REQUIRED 

PROVIDED 

OPTICAL  CROSS  SECTION 

MINIMIZE 

MINIMIZED 
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MELIOS  PERFORMANCE 
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AN/PVS-6  MELIOS 

NBCCS  REQUIREMENT 


•  MELIOS  ROC  REQUIREMENT 
-  NBC  CONTAMINATION  SURVIVABILITY  IS  REQUIRED 


•  MELIOS  PURCHASE  DESCRIPTION 

-  THE  SHAPE  OF  THE  MELIOS  SHALL  BE  CONFIGURED  IN  A 
MANNER  WHICH  ALLOWS  FOR  USE  WITH  MOPP-IV  PROTECTIVE 
CLOTHING  AND/OR  ARCTIC  MITTENS. 

-  COLOR  AND  FINISH.  CHEMICAL  AND  BIOLOGICAL  AGENT 
RESISTANT  MATERIALS  AND  FINISHES  PER  MIL-C-46168 
SHALL  BE  USED  TO  FACILITATE  DECONTAMINATION  AND  USE 
OF  THE  MLRF  IN  A  TOXIC  ENVIRONMENT 


AN/PVS-6  MELIOS 

DESIGN  CONSIDERATIONS 

•  HUMAN  FACTORS 

•  MAINTAINABILITY 

•  HEMP  SURVIVABILITY 

•  CHEMICAL  SURVIVABILITY 

•  COST 

•  WEIGHT 
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VAPOR  AND  LIQUID  TRANSPORT  AND 
DIFFUSION  MODELING  (VLSTRACK) 


Mr.  Timothy  J.  Bauer 


Chemical  Engineer 

Chemical  and  Biological  Systems  Analysis  Branch 
Naval  Surface  Warfare  Center 
Dahlgren,  VA 
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-UNCLASSIFIED 


CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

INTRODUCTION 


VLSTRACK 

THE  U.S.  NAVY'S  CHEMtCAUBIOLOGICAL  AGENT 
VAPOR,  LIQUID,  AND  SOLID  TRACKING 
COMPUTER  MODEL 

by  Timothy  J.  Bauer 

Naval  Surface  Warfare  Center 
Dahlgren  Division,  Code  B51 
17320  Dahlgren  Road 
Dahlgren,  VA  22448-5100 
(703)  663-8621  DSN  249-8621 
FAX  (703)  663-4253 

VLSTRACK  is  a  user-friendly  computer  model  which  provides  approximate 
chemical  and  biological  warfare  hazard  predictions  for  a  wide  range  of 
chemical  and  biological  agents  and  munitions  of  military  interest. 

- — - UNCLASSIFIED  - - 


- UNCLASSIFIED  - — - 

CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

MODEL  FEATURES 


Current  Versions 
VLSTRACK  1.5.1 
VLSTRACK  2.0 


Computer  System 
UNIX  Workstation 
DOS-PC 
Macintosh  li 
WAxrms 

Other  (FORTRAN  compiler) 
Screen 


RtSfllav 
ow  Input 


X-Window  Input/Output 
NDP  Grex  Input/Output 
Tektronix  Graphics  Output 
ASCII  Character  Input/Outpu 


Parameter  Input 
Mouse/Kevboard-  Windows 
Keyboard-  Numbered  Menu 


Agent  Type 

Persistent  Chemical 
Thickened  Chemical 
Dense-Vapor  Forming 
Dusty 

Biological  Organism  or  Toxin 

Munition  Type 
Small  Projectile 
Bomb 

Bulk-Filled  Missile 

Missile  Containing  Submunitions 

Sprayer 

User-Defined 

Output  Type 

Deposition  in  mg/m2 

Dosage  in  LCtx,  ECtx,  mg-min/m3 

Concentration  in  partlcles/m3 

Hazard  at  Detector  Arrays 


UNCLASSIFIED 


-UNCLASSIFIED 


CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

MODEL  FEATURES  (continued) 


Dispersion  Coordinates 

Single  Munition  at  Origin 

Gaussian  Random 

Uniform  Rectangular  Random 

Uniform  Elliptical  Random 

(X,Y,T)  React  From  File 

(Q,  X,  V,  Z,  T)  Puff  Property  Read 

Meteorology  Input 
Constant  (Screen  or  File) 

Time  Variable  (Screen  or  File) 
Vertical  Profile+Time  Variable 
(File) 

Geographic  Location+Time 
Variable  (Files) 

Full  Space-f-Time  Variable  (Files) 

Geographic  Coordinates 

Degrees 

DDDMM.M 

UTM  Coordinates 


Output  Generation 
Cumulative  From  Attack  Time 
Periodic  For  Each  Time  Period 
Grid  Sized  to  Contain  Hazard 
Fixed  Geographic  Region 

Hazard  Representation 
Four  Scaled,  Rotated  Color 
Contours  Plus  Uncertainty  Brackets 
Four  Shaded  Character  Graphics 
Contours 

Hazard  Values  Written  to  Output  File 

Detector  Simulation 
Passive 

Active  With  Attack  Information 
Known 

Active  With  No  Other  Information 


-UNCLASSIFIED 


- UNCLASSIFIED  - 

CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

COMPUTATIONAL  LIMITS 


•  2500  Munitions  or  Bomblets 

•  30  Detectors 

•  201  by  201  Output  Grid  Points 

•  72  Hours  Total  Hazard  Prediction  Time 

•  24  Meteorology  Forecast  Time  Periods 

•  1  Minute  to  24  Hours  Time  Period  Duration 

•  1500  Geographic  Meteorology  Locations 

•  25  Vertical  Meteorology  Levels 

•  25,000  Meters  Height  of  Release 

•10,000  Total  Vapor,  Droplet,  and  Particle  Clouds 

- UNCLASSIFIED  - 
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1 


JVSMC 


<‘.M(  N  [ilVi'.u 


-UNCLASSIFIED 


CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

CURRENT STATUS 


21 6.7  A  Pocumentatign 

Operational  Concept  Document  (OCD) 

Software  Requirements  Specification  (SRS) 

Software  User's  Manual  (SUM) 

Software  Design  Document  (SDD) 

Software  Test  Description  (STD) 

Software  Test  Report  (STR)-  to  be  Written 

independent  Verification  and  Vaiidatlon  (IV&V^ 

Verification  Against  a  Matrix  of  221  Runs 
Verification  Report-  to  be  Written 
Vaiidatlon  Against  106  Field  Trial  Data  Sets 
Validation  Report 

Validation  Against  Complex  Flow  Field  Trial  Data-  to  be  Done 
Final  Validation-  to  be  Done 


-UNCLASSIFIED 


- UNCLASSIFIED  - 

CHEM-BIO  SYSTEMS  ANALYSIS  BRANCH 

CURRENT  STATUS  (continued) 


MEWJ-C-VfiraloaBeleasgd 

VLSTRACK 1 .5  and  1 .5.1  Distributed  to  Replace  VLSTRACK 1 .2 
VLSTRACK  1.0  (Nov  1990)  and  BIOTRACK  (Feb  1991)  Original  Versions 


VLSTRACK  Integration  Efforts 
Naval  Oceanographic  Office  (NAVOO): 

Tactical  Environmental  Support  System  (TESS 
Mobile  Oceanographic  Support  System  (MOSS)-  v 
Ballistic  Missile  Defense  Office  (BMDO): 

Janus  Wargame-  v2.0.1 

U.S.  Army  Nuclear  and  Chemical  Agency  (USANCA)- 
CBD-Impact  Regional  Model-  v2.0 
Army  Chemical  School 
Maneuver  Control  System  (MCS)-  v2.0 


v2.0 


.2 


UNCLASSIFIED 
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0 
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ULS?«rtCK  l.S.l  6^3/^4  N«w«I  SurfAco  WArfard  Center,  Dahl  gran,  Ufi  22448-5108 
un  lien  flUfiltlOM  UlHlbotj  ?=l<eat>OAr<l  conwands  ~~ 

CONTINUE 


^nbcp  of  Nun  it  Ions 
16 


Rate  of  Fire 

Sinulianeous  Burets 

Haight  of  Release 

Range 

13.0  M 

Lou: 

High: 

ENTER=c1ioosb  region 
TAB=next  colunn 
SHIFT-TABsprcuious  col 
PG'-l>N=next  rou 
PG-UP=prauioua  rou 


press  ant;  key  to  continue 
UNCLASSIFIED  - 
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ULSTRACK  1.5.1  6/3/94  Surface  Uarfara  Center, Pt>hlgt»cn,  Vft  2244B-51fl6 

iFil=help  on  iitw  OUTfliT'^CftHP  OPT  WINDOW  7=l(eybOAr(k  connands 

It  of  Grid  Points 
61  by  <11 


Grid  Sizing 
Sair-Ad Justing 


CONTINUE 


Contours  <ng/*i2) 

ist  lae.ae  znd  la.eo 
3rd  i.aa  -ith  a.  10 

Randan  Nunber  Seed 
3‘t987S 

Outputs/Net.  Tine  Per. 
1 

Wind  Heander  Seed 
863005 

plot  ?«use  Node 

Pause 


UNCLASSIFIED 


ULSTRACK  l.S.l  b‘'3>'94  Naval  Surfaev  Uarfare  Center, Dali Igron.  UA  2Z14B-51BB 

7=l<eybo<.rd  conwands 


ri=lielp  on  lte~ 


■BETECIOTI  OIHWU' 


Detector  File 


CONTINUE 


iDetector  Number 
3  out  of  3 


Next  Detector  (new) 


Detector  Location 
39.0ezeN  7d.B82{M 


Previous  Detector 


Low! 

High: 


Range 


Clear  Detertors 
And  Continue 


Detector  Duration 
60. a  Min 


Detector  Threshold 
a. BIBO  ng/HZ 


-UNCLASSIFIED 
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Hun  Time  ti  npp^oklmAifl)  i4  NUntiin 


main  attack  menu  unclassified 

O-RUN  PRCX3RAM  (check  all  parameter  values  lirst) 

1 - munition-  -100kg  Bomb 

2- chem/bio  agent-  GD  (Soman) 

3 - month-  August 

4- Uay-  2 

5- locai  attack  time-  1900 
time  of  day-  duB)t 

6 - geographic  units-  deg  lat/long 

7- attiick  latitude-  39.0000N 

8 - attack  longitude-  78.0000W 

9- r.rue  trajectory  angle-  45.0  deg 

10- ground  surface  type-  grass- 

11 - output  type-  deposition 

12- output  mode-  cumulative 

13- jUtput  file  prefix-  vloexamp 

14- map  scale-  fill  screen 

15- ATTACK/MET.  OPTION  MENU  (options  selected) 

16 - OUTPUT/COMP.  OPTION  MENU  (options  selected) 

17- MUNITION  PROPERTY  MENU  (defined) 

10 - METEOROLOGY  MENU  (not  defined) 

19- detector  menu  (none  defined) 

20- RECORD  INPUT  FILE 

21 - END  PROGRAM 
enter  number 


UNCIiASSIFIED  Deposition  (ing/m2)  :  IS-'lOOIcg  Bomb  flll-QD  (Soman) 

I  >-  100.00  B  >-  10.00  %  >-  1.00  >.  0.10 

500.0 . 

. output  time 

450.0 . . . begin;  1900 

425.0 . end;  1900 

400.0 . 

375.;' . 

350.0 . . . -. .  maximum 

325.0 . .  deposition 

250.0 . ................................. 

225.0 . 

200.0 . 

.200.0  . 

■2^:0; ;:;;;;;;  ^ 

-3oo!o! !!!!!!!!! !“ . !!!!!!!!!!!!]!!!!!!!!!!!!!!!!!!.!!]!!!!!!!!! 

•325.0 .  Detector 

-350.0 .  X  0  I 

-375.0 . 

-400.0 . 

-425.0 . 

-450.0 . . . X  units*  m 

-475.0 . y  units*  n 

-500.0 . 

-175.0  -50.0  75.0  200.0  325.0  450.0  575.0 

Contour  area  coverages  (ml);  4.5313B404  7.3125E*04  1.1250B+05  1.44S9B4.05 

dx-  12.50  n,  dy-  25.00  m  UNCLASSIPIEO 


CHEMICAL-BIOLOGICAL  EFFECTS  MODELING  IN  ARL 


Mr.  William  J.  Hughes 


Acting  Chief,  Chemical-Biological  and 
Nuclear  Effects  Division 
Survivability/Lethality  Analysis  Directorate 
U.S.  Army  Research  Laboratory 
Aberdeen  Proving  Ground,  MD 
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JSL  Army  Research  Laboratory 


Survivability /Lethality  Analysis  Directorate 


Chemical-Biological 

And 

Nuclear  Effects  Division 


AraqrlMHitliUtmlMT  SantvibUInr/LMkiUl;  Auljrrit  Mrwt^ritt 


•  Provide  Objective  Vulnerabi^ty/Survivability  And  Effectiveness  Analyses 
Of  Cheniical(Including  Obscurants),  Biological,  And  Nuclear  Threats  'lb 
Weapon  Systems,  And  lb  The  Indi^dual  Soldier 

•  Ensure  That  The  Latest  CB&N  Survivability  Technology  Is  Used  lu  Developing 
Army/Services  Systems 

•  Assist  In  The  Design  And  Incorporation  Of  CB&N  Characteristics  In  DoD  Systems 
For  Enhancing  Their  Survivability 

•  Serve  As  The  Army/Services  Focal  Point  For  Technical  Advice  On  CB&N  Matters 

•  Develop  And  Maintain  State^f-The-Art  Tools,  Equipment,  And  Methodologies  To 
Support  CB&N  VLS  Analyses  Of  Weapon  Systems  And  Personnel 
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Level  4 

Cumbal 

Utilily 
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OVERVIEW  OF  XM56  LARGE  AREA 
SMOKE  GENERATOR  PROGRAM 


Mr.  Ray  Malecki 


XM56  Engineer 
Office  of  the  Product  Manager 
for  Smoke/Obscurants 
Aberdeen  Proving  Ground,  MD 
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XM56  Sirtoke  Generator  System 


-*  ■  *  Infrared  sere 

.  -  i  ■  .r*  '  ^  .. -•!  -  10  Ibs/min 

„  ;/  '■>-  -^'30  minute; 

•  1x5  kilomet. 


DESCRIPTION; 

'  •  Modular  design 
/  •  ♦  Gas  turbine  engine  powered 

c 

•  Visual  screening 
J  -  1.33  gal/min  fog  oil 
-  -  -  1  hour  operation 

Infrared  screening 
in 

minutes  operation 

kilometer  screen  with 
6  systems 


117  <n>i  n-i4 1  171// 


i?*  • 


Systfem  Comparisons' 


Tuel 


Mogas 


^  fe  -’v 


Mo^as 


r. 


Viunmui 


visual  Infrared-  Millimeter  Wave 


Diesel, 

^  JP4,’  5,  OT  8 


X  (P3I) 


GIP3' 


AOJi;  •lit  B94  (  1/186 
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XM56  NBCCS  PROGRAM  & 
APPLICATION  OF  TEST  RESULTS 


Ms.  Kathleen  M.  Considine 


Project  Engineer 
Chamberlain  MRC  Corporation 
Hunt  Valley,  MD 
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Presentation  Topics 


NBCCS  Program  Overview 
Functional  Component  Testing 
Test  Results 

E  Impact  on  Technical  Data  Package 
(TDP) 

B  Future  Research  Areas 
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Chamberlain  MRC/PM  Smoke 


XM56  NBCCS 
Program  Overview 


Program  conducted  with  Calspan  Corp., 
Buffalo,  NY 

1 .  Employ  NBCCS  design  guidelines 

2.  identity  Mission  Essential  Components 

3.  Define/Assign  Exposure  Codes 

4.  Reference  available  data 

5.  Deveiop/conduct  surety  test 

6.  Apply  results  to  Final  Design  and  TDP 


XM58  NBCCS 
Contract  Deliverables 


Froorsm  Plan 

N-/ 

Test  F'lans 
Test  Reports 

Design  Parameters  Report 

Assurance  Plan 

Maintenance  Plan 
Fina!  Report 


4 : 
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Component  Testing 


All  tests  performed  at  Calspan 
Corporation's  facilities 

IS  XM56  System  components 
B  Housing/mounting  of  electrical 
components  tested 
B  Tested  In  triplicate 
B  Established  operational  parameters 


Test  Results 
Incorporated  in  Design 


B  Design  Parameters  Report  identifies 
design  enhancements  incorporated  and 
improvements  to  be  implemented 

B  Original  design  of  Main  Control  Panel 
retained 

B  Specify  protective  boot  over  switches  to 
improve  sealing 

B  Plug  socket  heads  on  exposed  lifting 
rings  to  eliminate  collection  point 


Test  Results 
Incorporated  in  Design 


Incorporate  DCNS  tubing/adhesive 
assembly  process  to  all  harnesses 
Incorporate  pressure  test  for 
acceptance  of  panel  lights 


Impact  on  TDP 
Drawing  Package 


Addition  of  note  to  "flag"  items  or  features 
which  incorporate  NBCCS: 

"This  (item,  feature,  material)  has  been 
(tested,  evaluated)  for  NBCCS.  Any 
modification  to  this  feature  may  impact  the 
System's  Survivability,  as  designed." 
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8moK« 


Impact  on  TDP 
Drawing  Package 

Applied  to: 

-  Gaskets  (tested  mounting  configurations 
and  materiai) 

-  HOPE  components  (Fog  Oii  and  Fuel 
Tanks;  Hopper  and  Lid) 

-  Cable  tubing  and  adhesives 

-  Fog  Oii  Pump/Motor 

-  Finish  notes  -  Anodic  Coating 
-Airtight,  watertight  test  specification  notes 


Impact  on  TDP 
Assurance  Plan 


Assurance  Plan 

Important  features  identified  with  assurance 
vehicie 

Example: 


NBC  P;«arn«H<!r 

Aiisurarica 

V<s;h:c{i> 

l 

> 

HOPE 

Cfti  UfivsUiOf : 
ASTMDi?48 

ivi':>i<:>!  Ccjriir '>!!•!•(  Aasy. 

BiNJIad  Ur-ii 

sarsv  i ''' 

Mii.-CTD 

^  X  ,  -  >'{f'  .  ' 
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Impact  on  TDP 
Maintenance  Plan 


Direct  impact  on  System  Maintenance 
Manuais  by  specifying  Preventive  Maintenance 
Procedure's  and  Decontaminations  instructions 
(remove,  repiace  tasks) 

Example: 


I 


Rei'ivsvir.  dbcisfd  iirsd 
repUicR  <5V  f'Rft  ‘>t 
cf«)ROii.  pr;>o«;duiS!. 
!nio  :ncluci«;d  in  TM 
XK)40... 


XM56  NBCCS 
Final  Report 


(Draft  submittai  June  1994) 

Executive  Summaries  of: 

>  Program  Plan 

»  Material  Screening  Test  Plan  and  Results 
Component  Test  Plan  and  Results 
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ChtmesiMin  mrc/pm  smoke 


NBCCS 

Future  Research 


Increase  material  and  component 
testing 

Expand  material  and  component 
database 

Integration  of  Military  Parts  Control 
Systems  (MPCAG,  etc.)  with  available 
material  and  component  data 


>  (S'-  »>)}, 


Chamberlain  MRC 
NBCCS  Point  of  Contact; 


Ksithleen  M.  Considine 

Project  Engineer 
Chamberlain  MRC 
336  Clubhouse  Road 
Hunt  Valley.  MO  21031 
Phone  410^527^^7527 
FAX  420'^771»>9088 
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Intentionally  Left  Blank 
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CHEMICAL  RESISTANCE  TEST  PROGRAM 
FOR  SELECTION/DESELECTION  OF  MATERIALS 


Mr.  WendelJ.  Shuely 


Research  Chemist 
U.S.  Army  Edgewood  Research, 
Development,  and  Engineering  Center 
Aberdeen  Proving  Ground,  MD 
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TEST  METHODOLOGY  FOR  CHEMICAL  RESISTANCE  OF  MATERIALS 


Wendel  Shuely 

U.S.  Army  Edgewood  Research,  Development  and  Engineering  Center 
Aberdeen  Proving  Ground  (EA),  MD 


OUTLINE 


•  Integrated  Material  Selection  for  NBCCS  Chemical-Meterlal  Coinnpatibiiity 

•  Predictive  and  Experimental  Methodology 

•  Interface  ar,d  Planning 

•  Summary 
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UCKaKODMD  ltl?OK»  OM  MTEkllO,*  IBLBCTIOM 
rOB  BBC  COBTAMIKXTIOII  eOXVIVBBZI.XTy 

•hualy,  Waadal  J.  and  McNaaly,  Jaaaa  J.«  Katarial  dalaetiaa  Oulda  Darlvad  frea  a 
MaCazlaL-chaaleal  ceapatablllty  Databaaat  yaapiblllty  Baaad  on  Databasa  aad  Pradietlva 
Medal  Bvaluatlea,  GBOBC-SB-lliT,  saptaabai  ittz,  BTIS  Me.  BOX  X(«0SB. 

Bbualy,  Vaadal  3,,  “XatagicatleB  of  Test  Nathodology,  Matarlal  Databasa,  and  Matarlal 
lalaotloa/Dasalaetioa  Btratagiaa  for  a  Ohaaloal-Matarlal  CoMpatibillty  Bystaa"  la 
Prooaadlaga  of  tha  Fourth  lataraatloaal  Syapoalua  oa  tba  Ooaputarlsatloa  aad  Dsa  of 
Natariala  Proparty  Data,  MlflT/XBTM,  Oaltbarabitrg,  MO,  Dotobar  itll. 

Shualy,  waadal  3.,  "Taat  Mathodology  for  DavalopaoDt  of  Cortosloa  Raalataat  Polyuarlo 
Hatarialsi  Pradietlva  aad  BxparlaaBtal  Matheda  for  Obaaieal  haalataaaa  Boroaalag"  la 
Prooaadlags  of  tha  lath  BioBalal  Byapoalua  oa  Maaaglag  Cerroaloa  with  Plaatloa.  Mevaabar 
itti. 

Bhualy,  Waadal  3.  aad  Xaoa,  B.B.,  "Tharaogravlaatrle  Method  for  Maeauraaeata  of 
Bqulllbrlua  aad  Traaapert  Prepartlaa  Balavant  to  Ohaaloal>PalyBat  Coapatlbility 
Bvaluatlea"  la  tha  Preeeadlaga  of  tha  Blad  Oeufareaea  of  MXTXS,  p  a*4-aif,  Baptaabar  iff a. 

Bhualy,  Waadal  j.,  pradietlva  Mathedelegy  for  svaluatlag  tha  xataraetloa  of  Polywario 
Materiala  with  Ohaaieala  Baaad  oa  Coaputar-Btorod  Pbasa  Dlagraas,  la  Proeaadlags  of  the 
selaatlfio  coBfaxaaee  oa  ohaMloal  oafoaso  Baaaarob,  MevaBbat  iita.  orobo-bp. 

Bhualy,  waadal  j.,  BKparlaaatal  Mathodolegy  for  Bvaluatlag  Polyaar'Ohaaloal 
xataraetloa  Baaad  oa  a  Polyaar  aolubillty  Dataralaatioa  la  Prooaadlag  of  tha  Bolaatlflo 
ceafaraaea  oa  Chawloal  Dafaaia  Raaaaroh,  Mevaabar  Itea.  ordbo-sp. 


integrated  Material  Selection 
for  NBCCS  Chemical-Material  Compatibility 
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Overview 


•  OBJECTIVE:  Integrate  Database  to  Test  Methods 

•  METHODOLOGY: 

-Design  Specifications 
-Criteria  For  Test  Methods 


RESULTS:  Top  Down  -  Mainframe  Chemical- 
Materiai  Database  with  File  Transfers  from  PC  Test 
Report  Databases 


Objectives 


•  GIVEN  a  database  of  historical  chemical-material 
test  property  iata  that  functions  at  the  simple 
retrieval  level,  convert/enhance/evolve  the  database 
to  search,  compare,  sort,  and  rank  materials  for 
chemical  resistance 


DEVELOP  test  methods  Integrated  to  the  database 


REEVALUATE  historical  data  sets  with  respect  to 
relaxation  of  search  parameters  for  compatibility 
with  the  new  standardized  test  methods 
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Methodology  Rationale 


•  Numerical  Data  (Not  Bibliographic) 

•  Absolute  Values  (Not  Relative/Ratio) 

•  No  Classification  Judgements  (i.e..  Good,  Poor) 

•  Increased  Standardization  to  Support  Search, 
Compare,  ^ort,  and  Rank  Strategies 


Methodology  Rationale  (contd) 


Emphasis  on  equilibrium  properties  (vs.  transient) 
for  single  chemical-polymer  pairs  at  single 
exposure  time-temperature  pairs  to  prevent  data 
obsolescence  due  to  changes  or  evolution  of 
chemical  formulations,  exposure  times, 
temperatui3  profiles,  etc. 

Strategy  for  partially  filled  database  with  missing 
data  by  progressive  relaxation  of  search 
boundaries 


(Refarance:  Shuely,  WJ.  and  McNaaly,  J.J.,  Malarial  balactlon  Guide 
Derived  from  Matarlal-Chamical  Compatibility  Databaaa:  Feaeibility 
Baaed  on  Databaaa  and  Pradictiva  Modal  Evaluation,  CRDEC  TR  397, 
September  1992,  NTIS  No.  ADA  266058) 
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Computerized  Format  Modules  for  Documentation  of 
_ Liquid  Effects  on  Materiai  Properties 


material 


lESI 


tlQUID 


Chtmloal  Protaotiv* 
and  Raalatant  Matarlal 
Daaorlptor  Porm 


A8TM  £48  Furmat  lor 
Compularizatlon  of 
*Tatt  Oatn 


iSO  175,1817/A8TM 
0543,0471,0886  Data  Format  for 
Matarial-Uquld  Exposura 
Contlltlona 


Chamloal  Protaotiva  and 
Raaiitant  Oatabua  Taat 
Oaaorlptor  Form 


ISO  175,1 81 7/ASTM 
0543,0471,0686  Liquid 
OaicrlDtors 


Chemloal  Protaotiva  and 
Raalatant  Oatabaaa  Liquid 
Daaorlptor  Form 


Liquid  Propartias 

Databaaa(i) 


Eleotronio  TrAntmittal,  integration,  and  QC  of  Computeiized  Formats 


Entry  into  Chemical  Proteotivo  and  Resistant  Materials  Database 


Direct  Test-to-Database 


PROPOSED 


TRADITIONAL 


TEST 

INSTRUMENT 


DISKETTE 


DRAFT 

INVE8TIQAT0;n_4  PUBUICATION 
-  .  PREPARATION 


PC  BUFFf^R  SERVER 


REVIEW.  EDITINQ,  I  PRINTING 
(SO-BO%  TIME  DELAY) 


UTBRATURE  SEARCH, 
SBLEOTION  OP  DATA  SETS, 
ENTER  DATAEASE  OUEUE 


KNOWLEDOEABI^ 
REVIEW  AND 
TRANSFER  TO  DATA 
CAPTURE  FORMS 
(80*80%  OP  COST) 


COMPUTER 

DATABASE 


KEY.  EDIT, 
PROOF 
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I 


^  ■' 


JutTN  B  4*  ranuBs  tat  lAnailf lattlea  at  Valyaacla  Natarlala  and  Banata  t-'t  Ranording  Data 

daaaratad  by  Bbandfird  Taata. 


aBTH  B  4t  rsRut  fai.-! 


S  1S44,  Xdaatlf iaa^ioa  at 
Bolfmara  In  Oanputabtaad 
Patabaaa 

MTN  D  ai3a,  Taat  aapart, 
Bolynar  Bolublliey 


Mm  D  471.,  Saat  Kapart, 
Blaataiiari  Bgvlllbbitia 
salability,  Maaratian 
Dittuaiao  OaaiCfialBBt, 
Btcstioa  Bstraotsd 


Mm  n  843,  mat  Bapobt, 
Ibamaplaatiai 
B^itillbrina  Pelnbility, 
Caaoicptlaii  OlBtualeai 
Saaffielaat,  Brastlaa 
BKttaatad 

Mm  o  f4£/a  471,  mat 
I  BapoBt,  Maebapiaal 
I  Jpaeiaaa  Ot.talaal 
1  Basattata 

X^  «3d/D  4ia,  Yant 
3  uapart,  Tanaila _ 


dBaaa  XV 
•arasit 
Ports 


in^bauBv  a^tarnal 


/ooBplcta  /eanplate 


»axt  A, 
dMaa  VI 

Pact  C, 

(O- 

Pgsgtag} 


i  /<0  i 

MBBAdMMmCd'MBMR 


I 


Panel  1,  E  49/E  1308  Polymer  Database 


I'.tM'll  111 
Oilil  MiMie 

'  r  i 


f.  1.1,1,;. 
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Predictive  end  Experimentaf  Mcthodoiogy 
for  NBCCS  Material  Selection 


PROCEDURES 

Experimental  Polymer  Solubility 
Predictive  Polymer  interaction 

Rationale  Based  on  Phase  Diagrams 

Volume-Fraction  vs  Temperature 
Polymer  Solubility  Phase  Diagrams 
2'Paramster 
3*Parameter 

Systems;  Software  and  Hardware 
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■OLUIILITV  MRAMtTM,  HILOUHANM 

Flgura  .  Polymer  Solubility  Phase  Diagram,  Two  Parameter  Syatam: 
Styranatad  Polyeitar  (Alkyd). 


FintlRF.  I.  of  ii  Htinsrn  n!iriimi'ii>r  uiliihlliiv  unlipi* 
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Flow  Chart  of  Polymer^Llcguid  Solubility  Databases  Based  on 
Polymer  Cohesion  Parameter  Diagrams  (ASTM  D  3132); 

Predictions 


Liquid  State 
Properties/Perameters 


2D>PCPO:  ASTM 
[>200  Polymt r«] 


SO-PCPOiLSER 
[>  (1004200)  PolytiMra] 


3D-PCPO:  Hansvn 
[>100  Polymars] 


POLYMER  SOLUBILITY  OB:  300  POLYMER  x  n  14  LIQUIDS 
Solubla4naoiubta 
ExparlmantaLPradietad 
Interaction  Vaotor  Ratio 


Stetlstleal  Report  Generation 


Flow  Chart  of  Polymer-Uquld  Solubility  Databases  Based  on 
Polymer  Cohesion  Parameter  Diagrams  (ASTM  D  3132): 
Statistical  Report  Generation 


Polymer  Solubility  Database 
Statietical  Report  Generation 


Vtetor  Ratio 
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Farmmmten 
StatltUoM 
Prtdlotlon 
PRINT  TO  SCREEN 
PRINTTOHPJETIIORIII 
PRINT  TO  PANASONIC 
PRINT  TO  EPSON 
OENQRIC  PRINTER 
PRINT  TO  FILE 
SolubWty-by  tvt  ratio 
SolMblllty-toy  oIbm 
SolMblllty>hlghast/low«tt 
8olulilllty*olBU  tractions 
P/E  Compsrison-by  liquid 
P/E  Compsrison-lnoorraot 
P/E  Compsrl»on-sol  by  dsii 
Currant  itatui  tablas 
Liquid  to  Liquid 
Unallks  Pt'odlotlons 


RESULTS 

Chemical'Polymar  Interaction  from  Computar-Stored  Phase  Diagrams 

Two'Parametar  Predictive  Method 

Three>Parameter  Predictive  Method 

Distribution  Anaiysis  of  Interaction  Vectors 

Predictions  for  Resistance  with  Several  Chemicals 

Predictions  for  Concurrent  Resistance  with  Multiple  Chemicals  by 
Logically  .ANDED.  Searches 

Generalized  Differential  Solvent  Parameter  Analysis 


Table  3.  Interaction  Prediction  for:  DIETHYLENE  TRIAMINE  (Computer  Printout, 
Truncated)  DS:  16.80  PS:  13.30  HS:  14.30 

Chemical 

Rarimnca  BanK 

Vactar. Batin 

egbunu 

1 

3.86 

Poiyethylone,  chlorosulfonated 
(Hypalon  20) 

2 

3.06 

Polyethylene,  ohlcrosuifonated 
(Hypalon  30) 

3 

2.98 

Pdyftatrafiuoroethylene) 

(Teflon  SL2) 

4 

2.61 

Poly(vlnylchlorlde)  (Vlpi)i  KR) 

113 

0.44 

Polylethylene  terephthalata) 

8%  OH  (Desinophen  861) 

114 

0.43 

Methylated  melamine 
(Dynomin  MM9) 
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Tabia  2.  Polymar  Compoaltlen  varaua  Chamloal  Intaraodon  Vaeior  iiatiB  by  2.Para>nctar  Etaolctlva  Matbod: 
and/or  Exparlmontal  Bohiblilty  Claaalltoatiofl  by  2.Parainator  Pradlodva  Mothod:  Computar 

Printout.  Pega  1,  lor  6  Chamloala  (Truneatad) 

Liquid 

TBPO 

MaCI 

EQME 

BETA 

F113 

Polymar  Claai  Name 

Ratio  P/i 

Ratio  P/E 

Ratio  P/E 

Ratio  P/E 

Ratio  P/E 

AC  Aorylold  B‘60 

(MMA/BMA 

eopotymar) 

0.82  6 

1.16  1 

>1  NRI 

>1  NRI 

2.021 

AC  Aorylold  6-72 
lEMA/MA  oopolymari 

1.03  6 

1.C8I 

>1  NRI 

>1  NRI 

1.63  1 

AC  Aorylold  6-82 
(EA/MMA  oopolymari 

1.03  8 

1.161 

>1  NRI 

>1  NRI 

2.021 

AC  Aorylold  K120N 

0.86  8 

1.061 

>1  nr: 

>1  NRI 

1.63  1 

AC  Pohrtbutyl 
aorylata) 

0.38  8 

0,64  8 

0.24  8 

0.64  8 

0.63  8 

AC  Polylliobutyl 
mathnorylatal 

0.62  8 

1.181 

1.10  1 

2.281 

2.021 

AC  Polyiri-buiyl 
mathaorylatal 

0.16  8 

0.60  8 

1.10  1 

2.281 

1.11  1 

AC  Polylaihyl 
madiaorylatal 

0.63  8 

1.161 

1.10  1 

2.281 

2.021 

AC  Polylmathaerylle 
aeid) 

>1  NRI 

>1  NRi 

2.361 

1.11  1 

>1  NRI 

Ttbl*  6.  Polymtr  C«>mpo«ltlctu  Vwsm  ChMnInal  Intmotiw  Vtutor  Ratio  and  Pradletad  (P)  and 
eaparimantal  (B)  toHiMUtv  lot  a  tat  of  Bavaral  Chamloala  (Computar  Nntout  Exeaipi) 


(Solubimy, 
Hydrogan  Bonding 
Paramatara) 


Poivntaf 


Ethyl  Calluloia, 
N-22 


Etiiyl  Cailuiooa, 
T-10 


(21.2.PJ 


VX  OP  QD 


(18.6.  M)  lie.I.M)  (20.6,  M)  (17.4,  M) 


CE  Ethyl  Hydroay- 
athyl  CaHoloaa 


CE 


Nltro.oalluioaa, 
88,  0.5  aao. 


Epon  E.72 


Epon  812 


Epon  864 


0.17 


0.18 


0.66 


0.66  8 


0.40  8 


0.86 


0.47 


0.43 


0.43 


0.22 


0.61 


0.77  S 
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N8CC8  TWO  TEST  METHODOLOGY  SUS^ROUP  ACTIVITIES 


R«vl*w«d  Progratt  and  Statui  at  NBCCS  TWO  Mattings 

Vottd  to  Moapt  7  mathodt  for  final  davatopmant  i40:  ERDEC.  ARUMO.  NATICK,  DPQ) 

DIatrlbutad  a  aummary  of  progratt  and  status  to  CSM  lab  mtmbara  and  updatad  subgroup 
intmbtrship 


1994  NBCCS  WORKSHOP 


•  PravlouB  1882  and  1983  Workahopa  YranaitlonQd  Rsaulu  and  Mathodt  to  Chamloal  Suraty 
Matarlal  ICSM)  Labs 

•  1894  Workshop  will  amphaalia  planning  to  apply  tha  matarlal  aalaotlon  and  taat  msthods 
to  aavtral  typioal  NBCCS  matarlal  aalaetiOH  axarduat  that  will  ba  ongoing  In  1886. 

-  Attsndaaa  will  ba  a«!ao«ad  baaad  on  foaaibility  of  oollaborstiva  projaota  In  1886 
dstarminad  through  a  aurvay 

•  Saptambar  1984  at  ERDEC 
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CANDIDATE  MATERIAL-COMPONENT  CORREUTION  FOR  A  POLYMER-CHEMICAL 
COMPATIBIUTY  TEST  PROGRAM:  NBCCS  DECONTAMENABILITY  CRITERION 


•  Mattrlal  Salaetlon/DaMlactlon  Scraaning  Taata 

•  Immarslon  Sorptlon/Daaorptlon  ASTM  D471/D643 

-  Droplat  Waatharing/Daaorptlon 

•  Dcoontamlnablllty  Call:  ona-aldad  parmaatlon  call  or  daoontamlnation  oall 

-  Choinbi../ A'ind  Tunnal  Panal  Ta^ti 

-  10P  8-2-111  NBCCS  Smalt  Itama 


CHEMICAL-MATERIAL  COMPATIBILITY  TEST  METHODS  FOR  IMMEDIATE  DEVELOPMENT 


ELECTRICAL 

ASTM  D  3638  (INTERNATIONAL  ELECTROTECHNICAL  COMMISSION  (lEC  112) 
Comparativa  Wat  TraoMng  Indax.  aurfaoa  alaotrloai  tracking  for  liquid  aurfaoaa  wattad  by 
contamination  or  oondanaation  on  ataotromica  or  dialaetrlea.  Ammonium  ohlorlda  can  ba 
aubatitutad  with  D82  and/or  HF  aold  apikad  phoaphataa. 


THERMOCHEMICAL/THERMOMECHANICAL  TESTS 


ASTM/ISO  Micro  tharmal-maohanioal  taata  undar  davalopmant  within  DoD  compoalta 
aaroapaoa  workgroupa 
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CANDiDATB  CONCEPT'S  FOR  CHEMICAL-MATERIAL  COMPATIBIUTY  TEST 
METHODOLOaV  FOR  NBCC8 


CONCEPT 

MattrikI  Oparating  Limit 
Plaatidiatlon 

Parmaatlon/aolubllltyi 
diffuaion  eorralationa 

CoRimarolal  Modal  Chamioala 


FEASIBILITY 

MODEUNQ  T  EST  METHODOLOGY 


High  to  Modarata  Yai 

Faaalhia  Yat 

Faaattiia  Yai 


Statlatios! 


Yai 


THE  PREDICTIVE  METHOD  RESEARCH  PUN 


Compiatk  pubISowticin  for  DoD  varrJ«>na  of  pre^tlvo  tnathodi  lot  Rgant-poiymar  intaractloni. 

Conve.’t  matosfai  dooumaotatlo;]  of  300 polymara  from  tha  vagua  malnframa  format  to 
A8TM  El  308  formal  ftha  Induatry  atandaid). 

Complata  tha  firat  pha«a  fm  Vw  Intagratad  oomputationtil  databaaa  for  ohamloal-potymar 
fntkiaotion  pradloflana  with  tha  oaalatanoa  of  databaaa  programmari. 

Compara  pradlotiva  va  aapadmantal  rokulta  and  piovida  guldallnaa  on  uaa  of  pradlotiva 
mathodi. 

Initlata  davalopinant  of  pradlotiva  mathoda  for  mixturaa,  a.g.  D82  and  ralatad 
daoontamination  aolutlona- 

Craft  ganarlo  SOW  for  NBCC8  prograir.  uaa  of  pradlotiva  mathoda  and  raaulu  Ir  matariat 
aoraaning  and  daoalactlon. 
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THE  RESEARCH  PLAN  FOR  EXPERIMENTAL  SCREENING  METHODOLOQY 


Draft  and  publlch  'Unllmltad'*  and  DoD  only  waraiona  cf  tha  ratlonala  for  acraaning  taat 
mathodology. 

Submit  tha  ASTM  03132  draft  to  ASTM. 

Obtain  taadbat^  from  ooUaboratIva  labs  on  tfw  uta  of  1  ml  spaclman  volumas  for  hazardous 

llgulda. 

Adu  additional  oontrol  apaolmans  to  ocvar  a  faw  mtaalng  obaarvatlon  ooda  olassos. 

Submit  tha  oomputarlzad  taat  raport  to  tha  CSIAC  to  Impiamant  diract  fils  tranafar  of  taat 
rasults. 

Obtain  faadbaok  from  othar  dbaaoA  Taat  Raport  uaara  and  raviaa  formata  aa  naadad. 

Obtain  foadbaok  from  oga  raeaarchara  on  sotubtllty  obaarvatlon  oodaa  and  ravisa  as  naadad. 
Draft  a  ganarlo  SOW  for  Including  acraaning  in  a  NBCCS  rnatailal  taat  program. 


Systematic  Strategy  for  a  Materials  Science  Approach  to 
Enhancing  the  Capabilities  of  a  Materials  Database 


Programmed  Self-Inventory 
-Occurrence/Nonoccurrence  of  Data 
-Tally  Functions 


•  Programmed  Sell'Critique 

-DevisUon  from  Standard  Test  Parameters 

-  Material  Specimen  Documentation 
-Test  Versus  Property  identifier 

-  Disclaimers,  Warnings 
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Systematic  Strategy  for  a  Materials  Science  Approach  to 
Enhancing  the  Capabilities  of  a  Materials  Database  (cont) 


•  Programmed  Seif-Evaluation 

-  Define  Equivalence/Nonoquivalence 
-Trends 

•  New  Search  Strategies 

-Material  Selection 
-Material  Ranking 

-  Material  Benchn  irk  Sorting 


SUMMARY 


•  An  inter-r«lat«J  schama  of  NBCCS  taat  mathods  hji  baan  daaigned  and  Integratad  Into  .ii 
chamical'fnrtarial  compatibility  databau. 

•  A  polymar  aolublllty  taat  auocatafully  aoraana  out  or  daaalaota  moat  nonraalatant  potymaric 
matariala. 

•  Tba  candidata  raaiatant  matariala  arc  aubmittad  to  furthar  taating,  althar  for  tha  affect  of 
chemisaia  on  matariala  or  tha  at  tact  of  tha  matarial  on  ehamloal  tranaport  In/around/ 
through  tha  polymar. 

•  A  computarizari  teat  rapor:  haa  boon  davaiopad  and  linkad  to  an  A8TM  E  130B  ilia  to 
documant  tha  matarial  teat  apaciman. 


-  Thaaa  PC  da^abaaa  raporta  can  than  ba  'nargad  and  tranamittad  to  tha  mainfraivia 
matariala  databa^ja  to  provlda  a  diract  paparlaaa  tranafa.-  maohanlam. 


PREDICTIVE  METHODOLOGY  FOR  RANKING  CHEMICAUY  RESISTANT  MATERIALS 


Tht  ratlonil*  for  tho  prodiotiva  mathuda  was  dooumantad  in  NACE,  NATAS,  and  NIST 
publlcatlona. 

Tho  format  was  finaliiad  for  documonting  tha  p’^dlotiva  raaults  in  tha  mainframo  Chomical 
Oafanta  databaaa.  Ovar  1S00  pradietiona  wara  trantfanrad  to  tha  CBIAC  PC  buffor  <or  tha 
mainframo  (6  agonta  x  >300  poiymara). 

Collaboratad  with  CBIAC  on  dooumantatlon  of  manufaoturara,  oopolymar  oontant,  A  STM 
codat>  and  othar  matariai  dooumantatlon  data  for  tha  mainframo  for  oaoh  of  tho  300  + 
polymtrio  matorla**  in  tha  prodlotlons. 

A  oompiahonalva  plan  waa  daaignad  for  intagrating  tha  dlioonnaotad  eoda  to  produco  a 
modular  oomputational  databaaa  ayttam  for  ohamIcal-polymBr  intaraotlon  prodictloni. 


EXPERIMENTAL  METHODOLOGY  FOR  SCREENING  MAT  1.1IAL8  FOR  NBCCS  CHEMICAL 
RESISTANCE;  A8TMD3132 


Tha  ratlonala  for  aeraonitrg  taats  in  an  bitagratod  taat  OGhomo  waa  davalopad  and  pobllahtd. 

Tha  mlnlmiaatlon  of  taat  muld  voluma  dnd  manipUatian  waa  taatad  with  ovar  SO  apaolmana  and 
apacific  liquid  vohimaa  and  taat  Intarvala  wara  atandardizad. 

ASTM  D3132  waa  rawrtttan  to  add  tha  obiactiva  for  anraaning  for  nonaolvanta,  La.  chomlcally 
raalatant  polymar-liquid  paira. 

Savaral  aourcaa  of  atandard  eontrol  matarlaia  wara  proeurad  and  atcskpUad  aa  taat  eontrolai  4 
wara  cornmarcial  aouroaa  and  2  wara  NIST  SRM  aouroaa  (polyatyrana  and  polylaobutylana). 

An  NBCCS  Chomical  Raalatanoo  Seraaning  Taat  Raport  (ASTM  D  3132)  waa  oomputarliad  on 
dbaaad;  a  Summary  Taat  Raport  waa  oatractod  forfNa  tranafar  to  tha  CiiOm  Dafanaa  Databaaa. 

SolublUty  obaarvatkm  oompatlaotw  from  indapandant  datatmlnadona  wara  'lomplatad  for  ovar  20 
apaolmana.  Furthar  taat  validation  atudiar  wara  arrangad  with  OQA/commarclal  laba. 

A  plan  for  tranaltlon  of  thia  mothod  to  Chomical  Surety  Matariai  (CSM)  laba  waa  ravlaad  to  Include 
etipulatlon  that  only  atoraga  fuma  nooda  ba  uaad,  baaad  on  faadbaek  obtainod  at  ARL  aponaorad 
workahopa. 
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A  NBCCS  DECONTAMINABIUry  TEST  METHOD  HAS  BEEN  DEVELOPED 


•  Bated  on  Immeralon  equilibrium  torptlon  tollowcd  by  deiorptlon  diffutlon 

•  At  ndaptatlon  of  ASTM  D471  for  elutomeri  and  ASTM  0643  for  tharmoplattiot 

-  Corralatable  to  the  aingle  droplet  desorption  gaometry 

-  And  over  30  polymario  matarialt  have  been  teatad  and  dooumantod  in  tha  CDMD 
using  3  agents. 


A  NBCCS  HARDNESS  TEST  METHOD  HAS  BEEN  OEVE'  UPED  FOR  CHEMICAL  EFFECTS 

ON  MECHANICAL  PROPERTIES  ~ 


’  Beted  on  Immersion  exposure  of  standard  tensile  cpsdmene 

As  an  adaptation  of  ASTM  0643/DS38  for  thormoplastlcs  or  ASTM  D471/D412  for 

elastomers 


’  Providing  a  meaturoment  of  ohetnioal  sorption 

'  And  two  materiala  have  tieen  totted  to  ovaluate/valldata  the  method  using  a  variety  of 
decontamination  solutions  at  other  Independent  labs. 
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OFFGASING  MODEUNG  USING 
BOUNDARY  LAYER  PHENOMENA 


Mn  John  S,  Moorehead 


Research  Scientist 
Battelle  Memorial  institute 
Columbus,  OH 
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OBaiteile 

. . .  hHIIng  nthnokify  lit  k 


Off-gassing  Hazard  Modeling  Close  to 
Large  Systems  Using  Boundary  Layer  Phenomena 

Residual  Chemfual  Hazard  Model  (RCHEM) 


John  S.  Moorehead 


User  Requirements 


OBaiteiie 

.  ■  ■  hmkit  racfuisJof)'  7h  VMiri 


NBCC8 


•  Design  Requirements  of  Future  Weepons  Systems 
Must  Reduce  Personnei  Risks 
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Weapon  System  Requirements  |$Bdif6ll6 

^  ...  f^hnohgy  Tb 


•  F>22  Advanosd  Tactical  Fighter  (ATFI  Has  a  Syitem 
Laval  Raquiramant  to  Damonstrata  Daconiamlnabillty 
to  Nagllgibla  Risk  Lavala 

•  Syatam  Dacontamlnatlon  Procasa 
••  Forcad  Hot  Air  (Intarlor) 

••  Hot  Soapy  Water  (Bxtarior) 

-  Analysis  Datarmlnad  Moat  of  tho 

Hardware  Was  Aocasalbla  to  Agant  Vapor 

•  Oparational  Scenario  Includes 
Maintenanoa  Personnel  Working  on  and 
Close  to  the  Aircraft 

Cost  and  Weight  Constraints  Require 
Designing  to  a  Realittio  Threshold  for  CW 
Survivability 
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Model  Requirements  OBaff6ll6 

...  rtchnek^y  lb  M«rt 

Computer  Model  to  Predict  Doee  Generated  Cloee  to  e  Lerge  Contemlneted 

Syetem 

e 

Modele 

Exterior  Off-gaeeing  Haxard 

Interior  Off'geeelno  Hatard 

t 

Aooounte  for 

Multiple  Materlale  and  Off-gaeelng  Ratee  at  Dieorete  Locations 

System  Qeometry 

• 

Personnel  Location 

On  or  Under  Aircraft 

WHhln  1  Meter  of  Outer  Mold  Line 

• 

Variable  Wind  DIrsotlon 

e 

Upwind  Agent  Conoentraticn 

Blitter  and  Nerve  Agents 

• 

IBM  and  Maointoeh  PC  Compatible 
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Model  Overview 


OBaoeue 

.  , .  Ttchnalofr 


Goal: 

•  To  Provtda  System  Level  Anelyeis  and  Hazard  Evaluation 
Using  Material  Level  Approach 

Approach: 

•  Analysis  of  Operational,  System,  and  Environmeiital 
Conditions  and  Source  Strangth  Tasting  to  Deterinine 
Modal  Input  values 

•  Flow  Modeling  Ucing  Reouraive  Solutions  to  Navier- 
Stokas  Bouiidary  Layer  Calculations  and  Physical 
Depletion  of  the  Aircraft  to  Transport  Agent  Vapors  to 
User  Seieotad  Locations  of  Interest  and  Generate  Dose 
Profiles 

•  Coda  Davalopmant  Using  Excel  and  C  Code  to  Provide  a 
User  Friendly  PC  Computer  Package  to  Perform 
Caloulationa 


‘outce  Strength  Testing 


OBanese 

.  •  •  Funlng  rtchnolegy  To  Work 
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Flow  Modeling  OBaft6ll6 


Flow  Modoling  Using  Boundary  Layar  Flows  Provides  Analysis 
of  the  Mixing  Voiuma  for  Off-gasaing  Agent.  This  Technique 
Accounts  for: 

•  System  Geometry 

•  Meterlai  and  Personnai  Locations 
'  Wind  DIraoticn 

•  Agent  Concentration 


Code  Development  Ci^BaltellC 

. . .  THhncktY  ^  Woti 


The  Model  was  Encoded  Into  a  User  Friendly  Computer  Package 
for  Speed  and  Ease  of  Operation 

•  Incorporates 

-  Interior  Hazard 
Exterior  Hazard 

-  Materials  Off-gaaaing  Data 
Variable  Observer  Locations 
System  Geometry 

-  Flow  Modeling  (Recursive  Solution  to  Navier-stokee  Flow 
Equations) 

Wind  Path  Search  Algorithm 


•  Compiiter  Platform 

IBM  Compatible  Executable  C  code  and  EXCEL 
Macintosh  Executable  C  code  and  EXCEL 
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Comparison  of  RCHEM  and  Top 
Model  to  Requirements 


.  . .  FuUh^  rtthnoioit'  To  Mvi 


Ritquirtniant 

NBCCS  Top  Modal 
IModinad) 

RCHEM  Modal 

Exurler  Hwmd 

Yai 

Yat 

InMrior  Hxuid 

Ytt 

Yat 

Muldplit  Matvitela 

Yat 

Yat 

Multipit  0l(>aattlng  Rattt 

No 

Yat 

Dliarata  Loetdoni 

No 

Yat 

Syittm  Qaemtlry 

No 

Yat 

PtrtonntI  Looah'oni 

No 

Yat 

Vtriabla  Wind  Olraodon 

No 

Yat 

Upwind  Agant  Coneantradon 

No 

Yat 

Slitter  and  Narva  Agante 

Yat 

Yat 

IBM  and  Maolnloth 
Compatibility 

Yat 

Vat 

Comparison  to  N8CCS  TOP 
Model  -  Results 


>  nminf  Te  Wto>* 


Using  an  F’15  Aircraft,  a  Hypothetical  Average  Mass  Flux  of 
0.00001  mg/sen'cell  and  an  Observer  Located  as  Shown  Below. 
The  Two  Models,  Calculate  the  Following  Doses 


Wind  Direction  Wind  Direction 


NBCCS  TOP  Prediction 
0.025  mg  min/m^ 


RCHEM  Model  Prediction 
0.0018  mg-min/m^ 
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Performance  Trede-offs 


0Baflelie 

. . .  Ttchnoletr  To 


Performance 


Dispersion 

Predicted 

Hazard 


RCHEM  Predicted 
Hazard 

"Reel"  Hazard 


NBCCS 

Performance 


F-22 

Peiformance 


NBCCS 
Design 
Features 
(weight 
and  cost) 


F-22  Performance:  Weight,  Spe^d.  Range,  Stealth,  Cost 
NBCCS  Performance:  Ability  to  Meet  Decontamination  Criterion 


RCHEM  Capabilities 


. . .  ruMnt  Tttimnlaty  To  Mvi 


Cuireni 


Futura  Addlilora 


Datorptiw  Otf-giwing 

Worst  Case  Prediotiana 
•  By  location 
-  >3v  ayttom 


Simpllflad  syotom  gaomatry 


Evaporation _ 

"Actual  oaaa"  pradictions 

-  3y  location _ _ 

"Madian  case'  pradictions 

-  Stochastic  anvironmtntal 
variablilty  functions 

•  Distribution  function  for 
obstrver  location _ 

Rsfinod  aystom  dascripdon 

-  Intogratlon  with  gsomstry 
models  suet,  as  FAST6EN  4, 
BRL'CAD,  ate. 

-  Una  dapoaltlons 

-  Raflnad  grid 


I  Tost  Input  and  output 


Graphicat  rtprasantations 
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Comperison  to  Existing  Modeis  - 
Parameters  Specific  to  the  P-22 


.  . .  huikig  TKSnotngr  Tn  Wnfk 


eu 


Additional  Capabilities 


Variable 

4 

NECC8  Top 

RUHEM  1.C 

Present 

RCHEM 

Future 

Qsoniatry 

No 

SimpEfled  flhepee 

ReHned  Shapes 

Wind 

•  DIreetion 

Olront 

doHvniMlrtd  path 

tteeroh  for  worst  esse  -  baser 
ort  geometry/meterlel/lfieetlon 

User  eeleot 

•  '*alJolty 

No 

No 

Yes 

Tan»)ar«ture 

No 

Iriput  paremeterc  only 

Yes 

Una  naposMims 

No 

f**  - 

Yee 

Upaoaam  Conoanttitiona 

No 

Yee  (step  funedonl 

Yes 

(Integral 

Uses  OBaneiie 

. . .  futllni  Ttdmokty  Ta 


Applications 


j  S^atam  Datign  Tool 

I 

i 

I  Syafsnt  Evaluation  Tool 


Exporimantal  Doaign  Tool 


InatnimantatlDii  Saiaotlon 


Dscontomlnation  Oavaiopmoni 

-  Tachntquok 

-  Frotocolii 


Exampio  Syatoma 


Any  laiga  ayatam 
paraonnti  muat  work 
on  or  nrourrd 

•  Tisokad  Vaiilciax 
-  WhaeM  Vohlola* 

•  Ahaltan 
’  ArrciBft 


Oparotlona)  Rottrictlons 


Summary 


OBalteile 

.  .  .  Ttchnclogy  To 


•  Provides  Realistic  Dcse  Predictions  For  Personnel  Close 
to  the  Aircraft 

Flexible  Process  (Allows  User  input  for  Operational  and 
Envircrimenta!  Parameters) 

•  User  Friendly  Computer  Application 

•  Provides  Permanent  Database  for  the  System 

•  Useful  Design  Optimization  Tool 
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ADVANCED  TACTICAL  FIGHTER  (F  221 
CHEMICAL  HARDENING  PROGRAM 


Lt  Jim  G  eh  ringer 

F-22  Survivability  Analyst 
F-22  System  Program  Office 
Wright-Patterson  AFB,  OH 
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APPROVED  POR  PUBUC  RELEASE 


F-22  CHEMICAL  SURVIVABILITY 


Fm22  TP-AM  MEMBERS  _ 

•  F-22  SPO  (ASC/YF) 

•  LOCKHEED  (LASC  AND  LFWC) 

•  BOEING 

•  PRATT/WHITNEY 

•  BATTELLE 

•  HUMAN  SYSTEM  CENTER  (HSC/YAC) 

•  DUGWAY  PROVING  GROUND  (JCP) 

•  EGLIN  AFB  f  TEST  WING) 

•  ACC/DRB 
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OVERVIEW 


F-22  PROGRAM  OVERVIEW 

REQUIREMENTS 

THREAT  ALLOCATION 

F-22  DECONTAMINATION  CONCEPT 

DESIGN  CONCEPTS 

-  EXTERNAL  SURFACES 

-  INTERNAL  SURFACES 

-  PILOT 

F-111  CHEMICAL  TEST 
RELATIONSHIP  OF  EFFORTS 
PROGRESS  AND  FUTURE  PLANS 
SUMMARY 


F-22  program  OVERVIEW—^ _ 

•  THE  F-22  PROGRAM  ENGINEERING  AND 
MANUFACTURING  (EMD)  PHASE  BEGAN  IN  AUGUST 
1991 


•  FIRST  FUGHT  IS  SCHEDULED  FOR  1997 


•  THE  F-22  IS  THE  REPLACEMENT  FOR  THE  F-15  AIR 
SUPERIORITY  FIGHTER 
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F-22  REQUIREMENTS 


•  OPERATIONAL  NEEDS 

-  OPERATE  M  A  CONTAMINATED  ENVIRONMENT  WITH  NO  LOSS  OF 
COMBAT  CAPABIUrV 

-  PILOT  AND  MAINTENANCE  CREWS  PROTECTED  FROM  THREAT 

-  ABIUTY  TO  DECONTAMINATE  THE  AIRCRAFT 

•  PERFORMANCE  REQUIREMENTS 

-  NO  LOSS  OP  COMBAT  CAPABILITY  FOR  X  DAYS 

-  EQUIPMENT  DEBIQNEO  TO  ALLOW  MAINTENANCE  ACTIVITIES 

-  9Sth  PERCENTILE  PILOT  NOT  DAMAQeD 

-  DECONTAMINATION  INxHOURS 

•  THREAT 

-  9Sth  PERCENTILE  FREE  FIELD  ENVIRONMENT 

-  BOTH  LIQUID  AND  VAPOR  CHALLENGE 


Fm22  THREAT  ALLOCATION _ ^ _ 


•  INTERNAL  SURFACES  ARE  EXPOSED  TO  VAPOR  AGENT 

-  IP  AIR  CAN  QET  TO  THE  SURFACE,  IT  IS  EXPOSED  TO  VAPOR 

-  DRAIN  HOLES  AUOW  AGENT  TO  CONTAMINATE  BOXES 


•  EXTERNAL  SURFACES  ARE  EXPOSED  TO  UQUID  AGENT 


FREE  HELD  AGENT 
ENVIRONMENT 


EXTERNAL 

SURFACES 

I 


INTERNAL 
I  SURFACES 


lUQUID 

VAPOR  1  CONDENSATION 

WHEEL  WELLS/ 

EXTERNAL 

fAviONics  Isays']!  crew  I 

1  BOXES  ' - '  1  STATION  | 

SELECTED  1 

LANDING  GEAR 

COATINGS 

AREAS  1 

DECONTAMINATION 

CONCEPTS 


•  SENSITIVE  MATERIALS  AND  AVIONICS  CANT  BE 
CHEMICALLY  DECONTAMINATED  (BLEACH,  DS2,  ETC.) 

•  ONLY  PHYSICAL  DECONTAMINATION  IS  PLANNED 

-  EXTERNAL  SURFACES:  HOT  SOAPY  WATER  OR  FUGHT 

-  INTERNAL  CAYS:  FORCED  HOTAIR 

•  MATERIALS  MUST  NOT  BE  DEGRADED  BY  EITHER 
AGENT  EXPOSURE  OR  SUBSEQUENT 
DECONTAMINATION 


c  nn  external  surfaces  \  ^  / 

DESIGN  concepts  - W - 


-  CHEMICAL  RESISTANT  COATING  COVER  MATERIALS 

-  CONDUCTED  MATERIALS  TESTS  FOR  MECHANICAL  AND  SIGNATURE 
PROPERTIES 

I  FUNCTIONAL  DAMAGE  | 
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1  SIGNATURE  | 

1  MECHANICAL  1 

TRANSMISSION. 

REFLECTANCE 

ELONGATION, 

STRAIN, 

CRACKING 

•  DECONTAMINATE  SURFACES  WITH  HOT  SOAPY  WATER 
AND  FLYING  THE  AIRCRAFT 

-  MUST  DECONTAMINATE  FOR  BOTH  CONTACT  AND 
OFF-GASSING  HAZARD 
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REFLECTANCE  TEST 


F~22  transmission  test — 


c  no  internal  SURFACES 

DESIGN  CONCEPTS  - - 


•  CHEMICAL  RESISTANT  COATING  COVERED  MATERIALS 

-  EXCEPTIONS  ARE  TESTED  TO  SUPPORT  A  HAZARD  ASSESSMENT 

-  MATERIALS  ARE  TESTED  IN  A  SPECIAL  VAPOR  TEST  CHAMBER 

•  REQUIREMENTS  FOR  EDGES,  CORNERS,  AND  HANDLES 

-  MAINTENANCE  ACTIVITIES  CAN  BE  PERFORMED  WHILE  MAINTAINER  IS 
WEARING  CHEMICAL  GEAR 

•  DECONTAMINATE  SURFACES  AND  EQUIPMENT 

-  HOT  FORCED  AIR  INJECTED  BY  ENGINE  START/  AIR  CONDITIONING 
CARTS 

-  REPLACE  ALL  FLUIDS  (HYDRAULIC  FLUID,  FUEL,  ETC) 

~  REMOVE  AND  REPLACE  NON-DECONT  AMIN  ABLE  EQUIPMENT 

-  MUST  DECONTAMINATE  FOR  BOTH  CONTACT  AND  OFF-GASSING 
HAZARD 


F~22  VAPOR  TEST  SET-UP _ _ 


PILOT  INTERFACE 
DESIGN  CONCEPTS 


•  FILTER  AIR  GOING  TO  PILOT 

-  FILTER  IS  INTEGRATED  INTO  THE  AIRCRAFT  ENVIRONMENTAL 
CONTROL  SYSTEM 

-  FILTER  IS  ACCESSIBLE  TO  MAINTAINER  IN  CHEMICAL  GEAR 

•  PILOT  CHEMICAL  PROTECTION  INTEGRATED  INTO  THE 
COLD  WATER  IMMERSION  ENSEMBLE 
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F-1 11  HOTAIR 
DECONTAMINATION  - 


STUDIED  3  METHODS  OF  DECONTAMINATION; 

-  AVOIDANCE 

-  IN-FLIGHT 

-  FORCED  HOT  AIR 

VAPOR  CLOUD  GENERATOR 


F-1 11  HOTAIR 
DECONTAMINATION 


ENGINE  INJECTION  CONTAMINATION 


F-111  HOTAIR 

“"ZiS  DECONTAMINATION 

SBBaaartS^MSaBNBaSSaBBaCMaBMMBHBHMHaBBBMHHOB 

•  AGENT  CONCENTRATION  SAMPLING  IN  AVIONICS  BAYS 
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£-  oo  PROGRESS  AND 
FUTURE  PLANS 


•  SYSTEM  LEVEL  DECONTAMINATION  TEST  USING  AN 
F-111  AIRCRAFT  HAS  DEMONSTRATED  THE  F-22 
FORCED  HOTAIR  DECONTAMINATION  CONCEPT 


'  OUR  GOAL  IS  TO  CORRELATE  THE  “RCHEM"  RESULTS 
WITH  THE  F-111  SYSTEM  TEST 

-  M11  MATERML  COUPON  TESTS  USING  THE  SIMULANT  AND  TEST 
CONDITIONS  ARE  NEEDED  FOR  RCHEM  ANALYSIS 

•  THE  F-22  WILL  CONDUCT  A  SIMILAR  SYSTEM  LEVEL 
TEST  IN  THE  ENGINEERING  MANUFACTURING 
DEVELOPMENT  (EMD)  PROGRAM 


C  nn  ^^-22  SYSTEM  LEVEL  \^/ 
DECONTAMINATION  - 


FORCED  HOT  AIR  IS  INJECTED  INTO  THE  AIRCRAFT 


F-22  SUMMARY 


•  THE  TEAM  HAS  MADE  GREAT  PROGRESS  TOWARDS 
UNDERSTANDING  AIRCRAFT  CHEMICAL  HARDENING 

-  OPERATIONAL  CONCEPT/RESTRICnONS  IDENTIFIED 

-  THREAT  ALLOCATED  TO  RECKONS  OF  AIRCRAFT 

-  DESIGN  APPROACH  ESTABUSHED 

-  UST  OF  S^ATERIALS  EXPOSED  TO  CHEMICAL  AGENTS  HAS  BEEN 
DEVELOPED 

-  MATERIAL  COUPON  TEST  PROCEDURES  DEVELOPED  FOR  VAPOR 
THREAT 

-  F-22  MATERIALS  DATA  BEING  OBTAINED  fOR: 

-  VAPOR  THREAT 
»  UQUIO  THREAT 

-  FUNCTIONAL  DAMAGE 

-  FORCED  HOT  AIR  OECONTAWtNATION  METHOD  DEMONSTRATED 

-  ANALYSIS  TOOL  DEVELOPED 
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CARGO  AIRCRAFT  (C130) 
CONTAMINATION  CONTROL  PROGRAM 


Dr.  Ngai  Wong 
Program  Manager 

U.S.  Air  Force  Armstrong  Laboratory 
Crew  System  CB  Defense  Division 
Project  Reliance  Team 

Li.S.  Army  Chemical  and  Biological  Defense  Command 
Aberdeen  Proving  Ground,  MD 
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CARGO  ATRCRAFT  CONTAMINATION  CONTROL 


Ngai  M.  Wong,  PhD 
USAF  Armstrong  Laboratory 
Crew  System  CB  Defense  Division 
Project  Reliance  Team 
CBDCOM 

Aberdeen  Proving  Ground,  Maryland 


OUTLINE 

Requirements 

Program 

Phase  I  -  Ventilation  Trials 

Trial  Conditions 
Flight  Configurations 
Test  Results 

Phase  n  -  In-flight  Contamination  Trials 

Trial  Conditions 
Flight  Configurations 
Test  Results 

Summary 
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REQUIREMEOTS 


•  AF  SON  004-85 


AMCORDs 


•  •  Aircraft  Interior  Decontamination 

•  •  Aircraft  Interior  Detection 


PROGRAM 


Phase  I  -  Ventilation  Trials 


Phase  n  -  In-Flight  Contamination  Control 


Phase  III  -  Upload  Ground  Operations 
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Diethyl  Malonate  (DEM) 


1922mg/m3at25'’C 


GD  3922  mg/m^  at  25  °C 

Typical  Trial  Conditions  of  Using  DEM 

•  VAPOR  CHALLENGE  ONLY 

•  Concentration  of  150  -  200  mg/m^  inside  cargo  bay 

•  Collect  concentration  data  down  to  10  -  20  mg/m^ 

•  Extrapolate  data  to  myosis  levels,  0.05  mg/m^ 


Configuration  Flight  Conditions 

1.  Pi«ssurized,  all  doors  closed  10,000  Ft  and  20,000  Ft  altitudes,  ambient 

temjierature,  and  cruise  velocity 

2.  No  pre.ssure,  ail  doors  closed  10,000  Ft  altitude,  ambient  temperature,  and  cruise 

velocity 

3.  Pressurized,  auxiliary  vent,  all  10,000  Ft  and  20,000  Ft  altitudes,  ambient 

doors  closed  temperature,  and  cmise  velocity 

4.  No  pressure,  paratroop  door  10,000  Ft  altitude,  ambient  and  hot  temperatures, 

open  and  150  KIAS 

5.  No  pressure,  ramp  &  cargo  10,000  Ft  altitude,  ambient  and  hot  temperatures, 

door  open  and  150  KIAS 

6.  No  pressure,  cargo  door  open  10,000  Ft  altitude,  ambient  and  hot  temperature, 

and  185  KIAS 
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[DEM]  (ing/m3)  [DEM]  (mg/m^) 


Test  Results 


•  Pressurized  to  8,000  Ft  at  altitudes  of  10,000  Ft  and  20,000  Ft 
•  •  no  significant  difference  between  altitudes 
••  65-70  minutes  to  clear 


•  No  pressurization  at  10,000  Ft  altitude 
••  45  minutes  to  clear 


•  Pressurized,  auxiliary  vent 

•  •  14  minutes  to  clear  at  10,000  Ft 

•  •  5  minutes  to  clear  at  20,000  Ft 


Test  Results 


•  Paratroop  doors 


•  •  5  minutes  to  clear  (ambient  and  hot  trials) 


•  Ramp  &  cargo  door 

•  •  5  minutes  to  clear  (ambient  and  hot  trials) 


®  Cargo  door 

•  •  10  minutes  to  clear,  ambient  trial 


•  •  5  minutes  to  clear,  hot  trial 
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Additional  Observations 


Flight  deck  relatively  free  of  contamination 

•  •  High  level  of  contamination  in  cargo  area 
below  5  mg/m^  in  flight  deck 


•  Air  leakage  from  front  of  aircraft  to  rear 


Liquid  DEM  observed  on  floor 


Methyl  Salicylate  (MeS) 


1060mg/m^at25°C 


911  mg/m®  at  25  °C 


Typical  Trial  Conditions  of  Using  MeS 

•  Liquid  Contaminated  Cargo  and  Off-gassing  Challenge 

•  Liquid  concentrations  of  5  g/m®  on  the  cargo 

•  Collect  liquid  and  off-gassing  levels 

•  Use  MIRAN,  bubblers,  swabs,  and  swatches  for  data  collection 
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[MeS]  (mg/m^) 


Configuration 


Flight  Conditions 


I.  Forward  hatch  and  paratroop 
doors 


i 0,000  Ft  altitude,  ambient  temperature,  and  150 
KIAS 


2.  Auxiliary  vent 


3.  Auxiliary  vent 


10,000  Ft  altitude,  ambient  temperature,  and  cruise 
velocity 

10,000  Ft  altitude,  full  on-board  heaters,  and  cruise 
velocity 


[MeSl  (mgta3) 


Time  (hr) 


Forward  Hatch  and  Paratroop  Doors 
at  Ambient  and  2"^  Cover 


•  Flight  Deck 

•  Avionics 

<■  Cargo 


r  4 


Time  (hr) 
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[MeS]  (mg/m^) 
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[MeS]  (nig/m3) 


Test  Results 


•  MIRAN 

•  •  shows  higher  concentrations  of  contaminants 

•  •  shows  serious  problem  in  adsorption  of  contaminants 

•  Bubblers 

•  o  shows  lower  levels  of  contamination  but  still  unsafe 

•  Liquid  sampling  of  cargo 

•  2-8  g/m^  contamination  at  start 

•  •  0.8  -  S  g/m^  contamination  after  one  (1)  hour  weathering 

•  •  0.1-2g/m^  contamination  after  flight  operation 

SUMMARY 

•  Complex  processes  observed  in  ventilation  of  an  empty  aircraft 

•  Temp  and  altitude  have  only  small  effects  on  vapor  challenge  for  an 
empty  aircraft 

•  Vapor  challenge  can  be  cleared  in  5  minutes  for  an  empty  aircraft 

•  Liquid  contamination  makes  a  bigger  problem  of  vapor  challenge 

•  Off-gassing  a  serious  problem,  high  levels  of  contaminadon 

•  Airflow  patterns  keeps  contamination  near  front  of  aircraft 

•  Contamination  remains  with  aircraft  after  contaminated  cargo  is  removed 


Intentionally  Left  Blank 


MEETING  AGENDA 
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Wednesday,  June  15,1 994 


7:00  a.m.-  REGISTRATION 

8:15  a.m.  Edgewood  Area  Conference  Center,  Seminar  Building,  Austin  and 
Hoadley  Roads,  Aberdeen  Proving  Ground  (Edgewood  Area),  MD 

8:15  a.m.  ADMINISTRATIVE  REMARKS 

Mr.  Louis  S.  D'EUcio,  Chemical-Biological  and  Nuclear  Effects  Division, 
U.S.  Army  Research  Laboratory,  Aberdeen  Proving  Ground  (Edgewood 
Area),  MD 

8:20  a.m.  INTRODUCTION 

Brigadier  General  Peter  Hidalgo,  USA  (Pet),  Chairman,  Chemical 
Division,  American  Defense  Preparedness  Association,  Arlington,  VA 

8:25  a.m.  MODERATOR'S  REMARKS 

Mr.  William  J.  Hughes,  Acting  Chief,  Chemical-Biological  and  Nuclear 
Effects  Division,  U.S.  Army  Research  Laboratory,  Aberdeen  Proving 
Ground  (Edgewood  Area),  MD 

8:30  a.m.  WELCOME  ADDRESS 

Brigadier  General  George  E.  Friei,  USA,  Commander,  U.S.  Army 
Chemical  and  Biological  Defense  Command,  Aberdeen  Proving  Ground 
(Edgewood  Area),  MD 

8:40  a.m.  KEYNOTE  ADDRESS 

Dr.  John  W.  Lyons,  Director,  U.S.  Army  Research  Laboratory,  Adelphi, 
MD 

9:05  a.m.  UPDATE  ON  NBCCS  REGULATORY  DOCUMENTS 

Dr.  William  S.  Magee,  Advocate  for  NBC  Survivability,  Office  of  the 
Director  for  Chemical  and  Biological  (CB)  RDA,  U.S.  Army  Chemical 
and  Biological  Defense  Command,  Aberdeen  Proving  Ground 
(Edgewood  Area),  MD 

9:20  a.m.  OVERVIEW  OF  MULTIPURPOSE  INTEGRATED  CHEMICAL  AGENT 
ALARM  (MICAD)  PROGRAM 

Mr.  Frank  Belcastro,  MICAD  Team  Leader,  U.S.  Army  Edgewood 
Research,  Development,  and  Engineering  Center,  Aberdeen  Proving 
Ground  (Edgewood  Area),  MD 

9:30  a.m.  MICAD  NBCCS  PROGRAM  PLAN  &  TEST  AND  EVALUATION 
Mr.  Thomas  M.  McMahon,  Head,  Chemical  Surety,  Calspan 
Corporation,  Buffalo,  NY 


10:00  a.m.  BREAK 


10:20  a.m. 


10:30  a.m 


10:55  a.m. 


11:35  a.m. 


12:05  a.m. 


12:25  p.m. 


1:45  p.m. 


2:10  p.m. 


2:35  p.m. 


2:45  p.m. 


OVERVIEW  OF  THE  ARMORED  GUN  SYSTEM  (AGS)  PROGRAM 

Mr.  Albert  P.  PuzzuoH,  Deputy  Project  Manager,  Office  of  the  Project 
Manager  for  AGS,  Warren,  Ml 

AGS  PROGRAM  NBCCS  RISK  ASSESSMENT  METHODOLOGY 
Mr.  Francisco  Magno,  AGS  NBCCS  Project  Engineer,  United  Defense 
L.P.,  San  Jose,  CA 

NBCCS  IN  THE  TACTICAL  QUIET  GENERATOR  (TQG)  PROGRAM 
Ms.  Kelly  Alexander,  Project  Engineer,  Office  of  the  DoD  Project 
Manager  for  Mobile  Electric  Power,  Springfieid,  VA 

NBCCS  IN  THE  120  MM  MORTAR  PROGRAM 

Mr.  Edward  Lewis,  Project  Engineer,  Office  of  the  Product  Manager  for 
Mortar  Systems,  Picatinny  Arsenal,  NJ 

NBCCS  IN  THE  MINI  EYESAFE  LASER  INFRARED  OBSERVATION 
SYSTEM  (MELIOS)  PROGRAM 

Mr.  Richard  Renairi,  Project  Engineer,  Office  of  the  Project  Manager  for 
Night  Vision  and  Electro  Optics,  Fort  Belvoir,  VA 

LUNCH  FOR  ALL  ATTENDEES 

Edgewood  Aroa  Community  Club,  Aberdeen  Proving  Ground 
(Edgewood  Area),  MD 

VAPOR  AND  LIQUID  TRANSPORT  AND  DIFFUSION  MODELING 
(VLSTRACK) 

Mr.  Timothy  J.  Bauer,  Chemical  Engineer,  Chemical  and  Biological 
Systems  Analysis  Branch,  Naval  Surface  Warfare  Center,  Dahlgren, 

VA 

CHEMICAL-BIOLOGICAL  EFFECTS  MODELING  IN  ARL 

Mr.  William  J.  Hughes,  Acting  Chief,  Chemical-Biological  and  Nuclear 
Effects  Division,  U.S.  Army  Research  Laboratory,  Aberdeen  Proving 
Ground  (Edgewood  Area),  MD 

OVERVIEW  OF  XM56  LARGE  AREA  SMOKE  GENERATOR  PROGRAM 
Mr.  Ray  Malecki,  XM56  System  Manager,  Office  of  the  Product 
Manager  for  Smoke/Obscurants,  Aberdeen  Proving  Ground  (Edgewood 
Area),  MD 

XM56  NRCCS  PROGRAM  &  APPLICATION  OF  TEST  RESULTS 
Ms.  Kathleen  M.  Considine,  Project  Engineer,  Chamberlain  MRC 
Corporation,  Hunt  Valley,  MD 
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3:15  p.m.  BREAK 


3:35  p.rn. 


4:05  p.m. 


4:20  p.m. 


4:45  p.m. 


5:15  p.m. 


5:20  p.m. 


CHEMICAL  RESISTANCE  TEST  PROGRAM  FOR 
SELECTION/DESELECTiON  OF  MATERIALS 
Mr.  Wende/J.  Shuely^  Research  Chemist,  U.S.  Army  Edge  wood 
Research,  Development,  and  Engineering  Center,  Aberdeen  Proving 
Ground  (Edgewood  Area),  MD 

OFFGASING  MODELING  USING  BOUNDARY  LAYER  PHENOMENA 
Mr.  John  S.  Moorehead,  Research  Scientist,  Batteile  Memorial 
Institute,  Columbus,  OH 

ADVANCED  TACTICAL  FIGHTER  (F-22)  CHEMICAL  HARDENING 
PROGRAM 

Lt.  Jim  Gehringer,  F‘22  Survivability  Analyst,  F-22  System  Program 
Office,  Wright-Patterson  AFB,  OH 

CARGO  AIRCRAFT  (C-130)  CONTAMINATION  CONTROL  PROGRAM 
Dr.  Ngai  Wong,  Program  Manager,  Project  Reliance  U.S.  Air  Force 
Liaison  Office,  U.S.  Army  Chemical  and  Biological  Defense  Command, 
Aberdeen  Proving  Ground  (Edgewood  Area),  MD 

SYMPOSIUM  WRAP-UP  AND  CLOSING  REMARKS 

Mr.  William  J.  Hughes,  Acting  Chief,  Chemical-Biological  arid  Nuclear 
Effects  Division,  U.S.  Army  Research  Laboratory,  Aberdeen  Proving 
Ground  (Edgewood  Area),  MD 

ADJOURN 
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Mr.  Fou  C.  Albert 
EROEC 

ATTN:  8CBA0-ASC 
AFO  MO  21010-9433 
(410)  671-4438  x 


Ms.  Kellu  D.  Alexander 
Mobile  Electric  Pouer 
7798  Cieena  Road>  Suite  200 
Springfield  VA  22190 
(703)  399-2779  x 


Mr.  Joseph  A.  Andrese  Mr.  Frank  A.  Avenoso 

US  Armu  Reeearch  Lab  NAI4C/Platf orm  Interface  Group 

ATTN:  jw^L-8L-<i8/E3331  Naval  Air  Engineering  Station 

Room  120  Rt.  947 

Aberdeen  Proving  Or  MO  21010-9423  LakeHuret  NJ  08733-9000 
(410)  671-2049  x  (908)  323-7393  x 


nr.  Joseph  A.  Andrese 
US  Army  Research  Lab 
ATTN:  AM8RL-SL-C8/E3331 


Mr.  Orvid  F.  Bassett 
US  Army  Research  Laboratory 
ATTN:  AM8RL-SL-I.  Bldg.  433 
Aberdeen  Proving  Ord  MO  2109< 


(410)  278-8624  x 


Mr.  Timothy  J.  Bauer 
NSWC-  Oahlgren  Division 
Code  BS1<  17320  Oahlgren  Road 
Oahlgren  VA  22448-9100 
(703)  663-8621  x 


Mr.  Dennis  W.  Baylor  Mr.  John  Bailfuss 

^  Army  Research  Lab 

ATTN;  AMSRL-SL-CM  2800  Powder  Mill  Road 

Aberdeen  Proving  Or  MO  21010-9423  Adelphi  MO  20783-1197 
(410)  671-3992  x  (301)  394-2892  x 


394-2892  x 


®*^c***^®  Mr.  Marc  Bernier 

US  Army  ERDEC  French  Embassy 

ATTN:  8CBRD-CE/MXCAD  Defense  Corp.  ^Office 

Bldg  E3949  Rm.  C906^^  4101  Reservoir  Road.  NU 

Aberdeen  Proving  Or  MO  21010-9423  Washington  DC  20007-2172 
(410)  671-9629  x  (202)  944-6461  x 


Mr.  Andre j  Bevec 
Army  Research  Lab 
AM8RL-8L-CD 
APO  MO  21010-9423 
i410)  671-2260  x 


COL  Ray  W.  Bills  (Ret.  ) 
Battelle  Columbus  Operations 
JN-4 

909  King  Avenue 
Columbus  OH  43201-2693 
(614)  424-7283  x 


Or.  ^Amnen  Siren xvige  ^  ^  Mr.  Robert  A.  Blankenbiller 

US  Army  Edyewood  RoE  Center  USAM8AA 

Attn:  fiCBRO-AST  ATTN:  AMX8Y-CB 

Aberdeen  Proving  Od  MO  21010-9423  Aberdeen  Proving  Or  MD  21009-9071 

(410)  671-8431  X  (410)  278-3961  x 


Ms.  Heather  0.  Brinton 
ADPA 

Suite  4(X> 

2101  Wilson  Boulevard 
Arlington  VA  22201 
(703)  379-9182  x 


Ms.  Marguerite  E.  Brooks 
UTD 

39B0  Clnderbend  Road 
Newington  VA  22122 
(410)  668-7323  x 


I1«.  Th«a  Buch«n«n 
K4il««r  Elactronict 
2701  Orchard  Parkway 
MS  65 

San  Jo«a  CA  99134 
(408)  432-3000  xll94 


Mr.  Jack  R.  Burden  Sr. 
Calapan  Corporation 
P  0  Box  1409 

Springfield  VA  22191-0405 
(703)  323-9633  x 


Mr.  E.  Knight  Campbell 
Tachmaticsi  Inc. 

Suite  iOOOf  2231  Crystal  Drive 
Arlington  VA  22202 
(703)  921-3818  x 


Mr.  Joseph  H.  Cappello 
Calspan  Corporation 
4499  Oenesee  Street 
P.  0.  Box  400 
Buffalo  NY  14229-0400 
(716)  992-7331  x 


Mr.  Mi  key  N.  Carroll 
USAM8AA 

ATTN:  AMXSY-C8 

Aberdeen  Proving  Or  MD  21009-5071 
(410)  278-6864  x 


Mr.  Warren  B.  Carroll 
Battelle  Memorial  Institute 
909  King  Avenue 
Columbus  OH  43081 
(614)  424-4743  x 


Mr.  Ross  A.  Cuse  Mr.  William  Castner 

.8.  Armu  Tank  Automotive  Command  Raytheon  Missile  Systems  Division 
TACOM-AMSTH-USS  180  Hartwell  Road 

Warren  MX  48397-9000  Bedford  MA  01730 

(810)  974-6386  x  (617)  274-3028  x 


Mr.  Robert  Chase 
3M 

6801  River  Place  Blvd. 
Austin  TX  78726-9000 
(912)  984-9688  x 


Mr.  Roger  J.  Chmura 
Eltech  Research  Corporation 
629  East  Street 
Falrport  Harbor  OH  44077 
(216>  397-4034  x 


Ms.  Kathleen  M.  Considine 
Chamberlain  MRC 
336  Clubhouse  Lane 


(410)  927 


ey  MD 
-7927 


Mr.  Fred  Crowe on 

Asst.  Deputy  Under  8ECNAV  (SlcS) 

CP  9«  Rm:  162 

2211  Jeff  Davis  Hwy. 

Arlington  VA  22444-9107 
(703)  602-2882  x 


Mr.  Michael  I.  D'Andries 
Boozi  Allen  Hamilton 
Airport  Sauare  8>  Suite  190 
891  Elkridoe  Landing  Road 
Linthicum  MD  21090 
(410)  684-6209  x 


Mr.  Lou  D'Elicio 

U8  Armu  Research  Laboratory 

ATTN:  AMBRL-SL-NC 

Aberdeen  Proving  Od  MD  21010-9423 

(410)  671-3987  x 


Dr.  Charles  N.  Davidson 
USA  Nuclear  Se  Chemical  Agency 
7190  Heller  Loop,  Suite  101 
Springfield  VA  22190-3107 
(703)  399-2956  x 


Dr.  Adarsh  Deepak 

Science  &  Technology  Corporation 

101  Research  Drive 

Hampton  VA  23666-1340 

(804)  869-1894  x 


Mr.  Warren  Dixon 
HQ  TRADQC 
Dept,  of  Army 
ATCO-SB 

Ft.  Monroe  VA  23609 
(804)  727-4413  x 


Mr.  Norman  Dyer 

General  Dynamics  Land  Systems 

P.  0.  Box  2074 

Warren  MI  48090-2074 

(810)  829-7197  x 
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Nr.  K«nn«th  8.  Eng  Nr.  David  N.  English 

US  Armu  RDliE  CsntSr  OptiNstrics  Inc. 

ATTN:  8CBRD-RT/ASN  Suits  209 

Absrdssn  Proving  Or  NO  21010-9423  2107  Laurol  Bush  Road 

(410)  671-8206  X  Bsl  Air  ND  21019-9423 

(410)  969-0293  x 


Nr.  Da  vs  A.  Ennis 

RauchsM 

NP  102-7638 

300  Constitution  Drivs 

Nsnlo  Park  CA  94029-1164 

(419)  361-7670  x 


Nr.  Samusl  L.  Eurs 
Sclsncs  &  Tschnologg  Corp 
101  Rssaarch  Drivs 
Hampton  VA  23666-1340 
(804)  869-0467  x 


Nr.  Drsw  B.  Farsnwald 
US  Armg  Rsssarch  Laboratory 
ATTN:  AN8RL-SL-CK 


COL  Jamas  T.  Fsrguson  AU8  (Rst.  > 
Tschnologu  Narksclng 
PO  Box  987 


ATTN:  AN8RL-SL-CK  PO  Box  987 

Absrdssn  Proving  <»r  NO  21010-9423  Nillsrsvills  ND  21108-0987 

(410)  671-2922  x  (410)  987-9111  x 


Nr.  John  J.  Franx 
US  Armu  Rsssarch  Lab 
ATTN:  ANSRL-8L-CS/E3331 
Room  120 


Absrdssn  Proving  Or  NO  21010^9423  (410)  671-4361  x 
(410)  671-2896  x 


BO  Osorgs  E.  Frisl  USA 
Command or «  CBOCON 
ATTN:  AN8CB-C0 

Absrdssn  Proving  Or  NO  21010-9423 

A  ^  u  A  k  >  an  ^  A  M  a  * 


Nr.  Jamss  N.  Oshringsr 
USAF  F-22  Sustsm  Program  Offics 
A8C/YFEX.  2130  Fifth  Strast 
Wrioht-Pattsrson  AFB  OH  49433 
(913)  299-4976  x 


Nr.  Hugh  Or iff is 
J8AF 

ATTN:  A8C/XRESU.  Bldg.  490 

2649  Fifth  Strast 
Wrioht-Pattsrson  AF  OH  49433-7003 
(913)  299-2393  x 


Nr.  Robsrt  A.  Oross 
U8AEHA 

Hsalth  Hazard  Asssssmsnt  Ofc. 
ATTN:  H8HB-N0-A 
APO  NO  21010-9422 
(410)  671-2929  x 


LTC  Jamas  8.  Hanssn 
Joint  Program  Offica  for  Bio. 
Attn;  8FAE-B0*  Skulins  9 
Rffl  401/  9111  Lsssburg  Pika 
Falls  Church  VA  22041 
(703)  796-0468  x 


Ns.  Barbara  T.  Hagdahl 
Ball  Hslicogtsr  Tsxtroni  Inc. 

.  0.  Box  482/  Dspt.  81 
NS  »1401 

Fort  Worth  TX  76101 
(817)  280-9770  x 


Nr.  Hugh  A.  Hsrbig 
Computsr  Scisncss  Corporation 
NC  212 

3170  Fairvisu  Park  Drivs 
Falls  Church  VA  22042-4928 
(703)  641-2022  x 


BO  Pstar  D.  Hidaloo  USA  (Rst.  ) 
CSC  Prof ass ional  Ssrvicss  Group 
.0.  Box  333 

Wavsrlu  Hall  OA  31831-0333 
(706)  982-3821  x 


Nr.  Tom  Hippsnstssls 
Computsr  Scisncss  Co 


Computsr  Scisncss  Corporation 
2107  Laursl  Bush  RoadV  Sts  206 


Bsl  Air  ND  21019-6932 
(410)  979-4144  x 


Nr.  Jsffsru  S.  Hosns  W.  Brucs  Holt 

US  Armu  ROBE  Can tar  ADPA 

ATTN:  8CBRD-RT/A8N  Two  Colonial  Placs#  Suits  400 

Absrdssn  Proving  or  ND  21010-9423  2101  Wilson  Boulsvard 
(410)  671-3992  x  Arlington  VA  22201-3062 

(703)  922-1820  x 
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Mr.  Thomat  A.  Hr««tich 
PH-AL8E 

ATTN:  8FAE-AV-C8E 
4300  OoQdfcllow  Blvd. 
St.  Loui»  NO  63120 
(314)  263-9149  x 


Nr.  William  J.  Hughat 
US  Armu  Raaaarch  Cab 
ATTN;  Mi8RL-8L-C.  Bldg  E-3331 
Room  111 

Abardoon  Prov  Oroun  MD  21010-9423 
(410)  671-8420  x 


Nr.  T.  R.  Hukkala 

Titan  Corporation 

1900  Campua  Commona  Driva 

Raaton  VA  22091 

(703)  798-9741  x 


Nr.  Matthaui  I.  Hutton 
8AIC 

626  Towna  Cantor  Driva 
Suita  209 
Joppa  ND  21089 
(410)  679-9800  x 


Richard  N.  Janaan 
U8NC 

DRPM  AAA  Clarandon  80  Bldg. 
3033  Wilaon  Blvd. 

Arlington  VA  22201-3803 
(703)  696-1122  x 


Nr.  Kaith  Johanna 
Battalia 
909  King  Avanua 
Columbua  OH  43201-2693 
(614)  424-9804  x 


Ma.  Jana  M.  Johnaon 
BNY  Combat  Suatama 
Unitad  Dafanaa  LP 
.0.  Box  19912 
York  PA  17409-1912 
(717)  229-4781  x2394 


Nr.  Edward  Joinar  CQE 
Brunauiick  Dafanaa 
2000  Brunauiick  Lana 
Daland  PL  32724 
(904)  736-t700  x 


Mr.  Btavan  A.  Jonaa 


Pr.  Matthaui  B.  Kaufman 


CB|M_Battalla  Edgawood  Oparation  L.  8.  Armu  Raaaarch  Laboratorg 
2113  Emmartan  Park  Road  ATTN:  ^8RL-SL-CM 


8uita  200 
Edgauiood  MD  21040 
(410)  676-9030  x 


Abardaan  Proving  Or  MD  21010-9423 
(410)  671-3998  x 


Nr.  Richard  Kaagan 
Rauthaon  Co. 

M8/1J7 

ifl28  Boaton  Road  Poat 
Sudburu  MA  01776 
(908)  440-3073  x 


Na.  Jannifar  L.  Kallag 
US  Armu  Raaaarch  Lab 
ATTN;  AN8RL-8L-C8/E3331 
Room  120 

Abardaan  Proving  Or  MD  2110-9423 
(410)  671-3716  X 


Mr.  Frank  W.  Kally 
OEONET  Tachnologiaa.  Inc. 
20291  Canturg  Boulevard 
Oarmantouin  ND  20874 
(301)  428-9898  X 


Nr.  Michaal  0.  Kiarzauiaki 
OptiNatrica*  Inc. 

Suita  209 

2107  Laurel  Buah  Road 
Bel  Air  MO  21019-6181 
(410)  969-0293  x 


T80T  Robert  D.  King 
U8  Air  Force 
Dat  63.  A8C 
2008  Stumpnack  Road 
Indian  Head  MD  20640 
(301)  743-6826  x 


Nr.  Stephan  L.  Kiatner 
US  Armu  EHA 
ATTN:  HSHB-ZA 
APO  MD  21010-9422 
(410)  671-2307  x 


Mr.  Robert  Lang 
Loral  Libraacopa  Corporation 
Program  Manager 
833  Sonora  Ava, 

Olandala  CA  91201-2433 
(818)  902-7289  x 
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Mr.  Edw«rd  O.  Ltwis 
US  Armu  AROEC 
ATTN:  AMCPM-MO 

Pleat Innu  Artanal  NJ  OTaOA-SOOO 
(201)  724-3977  x 


Or.  John  W.  Lyons 
US  Army  Rotoarch  Laboratory 
2800  Powdor  Mill  RoaJ 
AM8RL-D 

Adalohi  MD  20783-1149 
<301>  394-1600  X 


Mr.  Williaffl  S.  Magoe  Jr.  Mr.  Francisco  Magna 

US  Army  CBDCOM  United  Dsfsnss  L. P. 

ATTN:  AM8CB-E0  1107  Coleman  Avenue 

Aberdeen  Proving  Or  MD  21010-9423  Box  367 
<410)  671-3090  X  San  Jose  CA  99103 

(408)  289-0991  x 


Mr.  John  D.  Majeski  Mr.  Timothy  0.  Mallory 

US  Army  Research  Laboratory  Army  Research  Laboratory 

ATTN:  AMSRL-SL-C8/E3331  ATTN:  AM8RL-8L-I 

Room  120  APO  MO  21009-9068 

Aberdeen  Proving  Or  MO  21010-9423  (410)  278-6999  x 
(410)  671-3943  x 


Mr.  David  J.  Mangino 
Calspan  Corporation 
.  0.  Box  400 
4499  Oenesea  St. 
Buffalo  NV  14229-0400 
(716)  992-7331  x 


Or.  William  J.  Mauri ts 
OoP  Explosives  Safety  Board 
2461  Eisenhower  Avenue 
Alexandria  VA  22331 
(703)  329-8624  x 


Mr.  James  L.  McKivrigan 
CBDCOM 

ATTN:  AM8CB-E0 
APO  MD  21010-9423 
(410)  671-3009  X 


Mr.  Tom  M.  McMahon 
Calspan  Corporation 
P.  0.  Box  400 
4499  Oenesea  Street 
Buffalo  NV  14229-0400 
(716)  631-6909  x 


Nr.  James  J.  McNeely 
Battel le-CBX AC 
2113  Crmnerton  Park  Road 
Suite  200 

I  dgewood  MO  21040-1037 
410)  676-9030  x 


ILT  Julio  A.  Medina 
Pine  Bluff  Arsenal 
ATTN:  SMCPB-PCT 
10020  Kabrich  Circle 
Pine  Bluff  AR  71602-9900 
(901)  940-3072  x 


Mr.  Dennis  F.  Metx 
EAI  Corporation 
1308  Continental  Drive 
Suite  J 

Abingdon  MD  21009-2332 
(410T  676-1449  x 


Dr.  Warren  L.  Miller 

Camber  Corporation 

Suite  403 

200  Valley  Road 

Mount  Arlington  NJ  07896-1320 

(201)  770-1404  X 


Mr.  John  Miner 

Joint  Program  Office  for  Bio. Def. 
8FAE-BD  9X11  Leesburg  Pike 
Skyline  9  Rro.  401 
Falls  Church  VA  22041 
(703)  796-0468  x 


Mr.  Mark  T.  Monde  11 
United  Defense  LP 
Combat  Systems  Division 
P.  O.  Box  19912 
York  PA  17409-1912 
(717)  229-4781  x 


Mr.  John  8.  Moorehead 
Battelle  Memorial  Institute 
909  King  Ave.  Room  13-4-177 
Columbus  OH  43201-2696 
(614)  429-9096  x 


Mr.  Malcolm  B.  Morrison 
8AXC 

626  Towns  Center  Drive 
Suite  209 
Joppa  MD  21089 
(410)  679-9800  x 


199 


Hr.  Robert  K.  Murk  Mr.  Ooorgo  R.  Murnyok 

U8  Amu  Roooorch  Loboretory  U8AEHA 

ATTN:  AMSRL-8L-C0  ATTN:  H8HB-MO-A 

Abordoofi  Proving  9r  MO  21010-3423  APO  MD  21010 
(410)  671-3820  x  (410)  671-2723  x 


Mr.  Jofflos  J.  Muthlg 
8A1C 

Sikoroky  Aircroft 
6900  Moln  Stroot  M/S  BIOIA 
Strotford  CT  06601-1381 
(203)  384-6739  x 


Mr.  Jomo«  F.  Myors 
US  Army  Rot torch  Lob 
ATTN:  AMBRL-8L-C0 
APO  MD  21010-3423 
(410)  671-2260  x 


Mr.  viomot  F.  Notion  Mr.  Oonnit  8.  O'Connor 

U8  Amy  Rotoorch  Lob  EOD  Troinlng  ond  Evoluotion 

ATTN:  M8RL-8L-C8/Ea331  Unit  Tuio  E-6/eunnoro 

Room  120  Moto  Ount  Firot  Clott  Dlvor 

Abordoon  Proving  Or  MO  21010-3423  Ft.  Story  VA  23439 
(410)  671-3711  X 

Mt.  Oonno  L.  Orlondo  Mr.  01  Ivor  J.  Oxmont 

U8  Army  Rotoorch  Lob  CSC  Profottlonol  Sorvicot  Group 

ATTN:  AM8RL-SL-CS/E3331  Suito  203 

Room  120  3313  Bob  Wolloco  Avonuo 

Abordoon  Proving  Or  MD  21010-3423  Hunttvillo  AL  3S803 

(410)  671-3031  X  (203)  334-3310  x 


Nr,  Shottin  H.  Pork 
McOonnoll  Doug  lot  Aorotpoco 
Dopt.  2LT#  M/C  33-93 
3833  Lokowood  Boulovord 
Long  Botch  CA  90846-0003 
(310)  393-6460  x 


Mr.  Woltor  0.  Porkt 
JAYCOR 

1608  Spring  Hill  Rood 
Uionno  VA  22182-2270 
(703)  847-4000  x 


Mr.  Dovid  Poort 
. 8.  Army  Dugwoy 
ATTN:  MT-TM-CB 
DugitNiy  UT  84022 
(801)  831-3637  x 


Proving  Ground 


Mr.  Jofflot  E.  Poovlor 
Chotopooko  Dovolopmont  Inc. 
P«  0*  Box  1130 
Sgorkt  MD  21132 
(410)  472-2064  x 


Mr.  Ed  d.  Porri 

USAM8AA 

ATTN:  AMX8Y-CB 


Mr.  Rolond  d.  Pilio 
Coltpon  Corporotion 
P.  0.  Box  400 


Abordoon  Proving  Or  MO  21003-3071  4433  Oonotoo  Stroot 


(410)  679-4348  x 


BuAdtlo  NY  14223-0400 
(716)  631-6893  x 


Mr.  Robort  £.  Plonk  dr.  Mr.  Roltnd  A.  Polimtdoi 

US  Army  R06E  Contor  U8  Army  Rotoorch  Lob 

ATTN:  8CBRD-RT/ASM  ATTN:  AM8RL-8L-CE 

Abordoon  Proving  Or  MD  21010-3423  2800  Pouidor  Mill  Rood 
(410)  671-1888  X  Adolphi  MD  20783-1143 

(410)  671-3823  x 


Mr.  Albort  W.  Prico  ILT  Litt  Proby 

U8  Army  Rotoorch  Lob  Pino  Bluff  Artonol 

ATTN:  AMSRL-SL-CS  ATTN:  8MCPB-H8T 

Abordoon  Proving  Or  MO  21010-3423  Pino  Bluff  AR  71602-9300 
(301)  671-3913  X  (301)  340-3072  x 
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Mr.  Robtrt  J.  Puhala  Mr.  Albert  Puzzuoli 

US  Army  Edgcwood  RO&E  C«nt«r  PEO«  Armorffd  Suttcms  Mod«rniz«tio 

ATTN:  8CBRD-AD  8FAE-ASM-AO 

Abardvvn  Proving  Or  MO  21010~9423  Warron  MI  48397-0001 

(410>  &71-SS00  z  <313)  374-7714  x 


Mr.  Richard  C.  Ranairi 

US  Armu  CECOM 

10213  Burback  Road 

AM8EL-RD-NV-LPD 

Fort  Balvoir  VA  220S0-380dr 

(703)  704-1204  » 


MAJ  Michaal  Ra^ty  Jr. 

US  Army  ODCSLOO 
Pantagon  Room  1C362 
Mashing ton  DC  20310-0330 
(703)  S97-2337  x 


Jan  R.  Robarts 
8R8  Taehnolgiat 
300  Discovary  Driva  NM 
Huntsvllla  AC  33738 
<203>  971-7847  x 


Mr.  Donald  L.  Rowa 

Naval  Surfaca  Marfara  Can tar 

Coda  J42 

Dahl gran  UA  22448 
(7031  663-6802  x 


Dr.  Robart  Rubio 

ARC  Battlafiald  Environmant  Dir. 

ATTN:  AMSRL-BE-A 

Whita  Sands  Misslla  Ranga 

W8MR  NM  88002-3301 

(303)  678-3331  x 


LTC  Malvin  J.  Schichtman 
U.  8.  Army  Rasaarch  Lab 
AMSRL-CP-T 

2800  Pottidar  Mill  Road 
AdalDhi  MD  20782-1143 
(301)  394-3073  x 


(Rat.  ) 


Or.  Lawranca  D.  8ch(i»artz 
Raycham  Corporation 
300  Constitution  Driva 
102/6333 

Manlo  Park  CA  94029 
(413)  361-3608  x 


Mr.  Wandal  J.  Shualy 

ERDEC  Rasaarch  kt  Tachnology 

SCBRD-RTC 

APO  EA  MD  21040 


LTC  Malvin  Silvarman  U6A« (Rat.  > 
313  Tartan  <3raan  Court 
JoDpa  MO  21083-4324 
(301)  679-4476  x 


Mr.  Mark  A.  Silvastri 

U.  8.  Army  Rasaarch  Lab 

ATTN:  AM8RL-8L-CM 

Abardaan  Proving  Or  MO  21010-3423 

(410)  671-3960  x 


Mr.  Eduardo  0.  Solivan 

U8  Army  Nuclaar  &  Ghamical  Agancy 

ATTN:  nONA-CM 


7130  Hollar  LooDi  Suita  101 
Soringfiald  VA  22130-3107 
(703)  333-2312  x 


Mr.  Jarry  M.  Staalman 
US  Army  Ouguay  Proving  Ground 
ATTN:  MT-TR 


Du 


UT  84022 
831-3241  X 


Mr.  Gary  Stickal 

Battalia 

303  King  Avanua 

Columbus  OH  43201-2693 
(614)  424-7318  x 


Mr.  Garrison  U.  Still 

Army  Rasaarch  Lab 

AM8RL-SL-CS 

Adolph i  MD  20783-1197 

(301)  394-3430  X 


Mr.  Russ  Suchy 

Mina  Safat^^Appliancos  Company 

Pittsburgh  PA  13230-0428 
(412)  733-9272  x 


Ms.  Dobra  L.  Sutton 
Unitad  Dafansa 
MD/U30 

1107  Colaman  Avanua 
San  Josa  CA  93103 
(408)  289-3133  x 
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n«ijor  Jmff  G.  8witx«r  Hr.  D«vid  Torg^rton 

HQ>  U8  ArMU  T«tt  tc  Evaluation  U.  S.  Armu  Dugway  Proving  Ground 

Ryan  Building  ATTN:  HT^ 

Atardaan  Proving  Od  HD  21009-S097  Ouguiay  UT  84022 
(410)  278-1072  x  (801 )  831-9226  x 


Hr.  Jodoph  A.  Traino  III 
Scionca  «  Tochnology  Corp. 
Unit  1 

2719  Pulaski  Highwau 
Edgsuiood  HD  21040-1319 
(410)  272-4161  X 


)gi 

US  Army  Rsssarch  Laboratory 
AH8RL-SL-I 
APO  HO  21009-9068 
(410)  278-9899  x 


Hr.  Jamot  U.  Wads 
US  Army  Rasaarch  Lab 
ATTN:  AH8RL-8L/8LAD 
WSHR  NH  88002-9913 
(909)  678-1196  x 


Hr.  Robart  T.  Walfcar 
Cyprass  Xntarnationali  Inc. 
Suita  400 

1201  E.  Abingdon  Driva 
Alaxandria  VA  22314-1490 
(703)  949-9880  x 


Hs.  Annatta  Uatson 
Oak  Ridga  National  Laboratory 
.0.  Box  2008 
Oak  Ridga  TN  37331 


Hr.  Philip  Wainbarg 
Naval  Air  Sus tarns  Command 
AIR  916J,  JTC  G/A8 
1421  Jaffarson  Davis  Highuiay 
Arlington  UA  22243-9160 
(703)  329-016S  x 


Dr.  Ronald  A.  Ualss 
U8  Army  Rasaarch  Lab 
ATTN:  AH8RL-8L-C8/E3331 
Room  120 

Abardaan  Proving  Or  HO  21010-9423  (410)  671-3111  x 
(410)  671-8429  x 


Nr.  Ngai  Wong 
U.  8.  Air  Forca  Armstrong 
ATTN:  U8AF  AL/CFBDi  Bldg.  E3234 
APO  HD  21010-9423 


Hr.  Charlas  R.  Varbrough 
Lockhaad  Ft.  Worth  Company 
101  Acadamy  Blvd. 

Fort  Worth  TX  76108 
(817)  939-4911  x 


Hr.  Danial  K.  Yu 
HQ  AHC 

ATTN:  AHCCB 

Alaxandria  VA  22331-0001 
(703)  274-9920  x 
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LIST  OF  EXHIBITS 
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EXHIBITOR 

1)  Calspan  Corporation 

2)  Battalia 

3)  Battalia 

4'  Battalia 

DoD  Project  Manager  for  Mobile 
Liectric  Power/Camber  Corporation 

6)  Product  Manager  for 
Smoke/Obscurants 

7)  U.S.  Army  CBDCOM 

8)  U.S.  Army  CBDCOM/Loral 
Librascope 

9)  U.S.  Army  Nuclear  and  Chemical 
Agency  (USANCA) 

10)  U.S.  Army  Research  Laboratory 

11)  U.S.  Army  Research  Laboratory 


Iti£M£ 

Capabilities  Overview 

Chemical  Defense  Materials 
Database  (CDMD)  Demonstration 

Chemical  Warfare/Chemical  and 
Biological  Defense  Information 
Analysis  Center  (CBIAC)  Resources 

Capabilities  Overview 

Tactical  Quiet  Generator 

XM56  Large  Area  Smoke  Generator 
Static  Display 

Capabilities  Overview 

Multipurpose  Integrated  Chemical 
Agent  Alarm  (MICAD)  Operational 
Demonstration 

Capabilities  Overview 

Ballistic  Vulnerability  and  Lethality 
Division:  BRL-CAD  Demonstration 

Capabilities  Overview:  Chemical- 
Biological  and  Nuclear  Effects 
Division 


Intentionally  Left  Blank 
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NO.  OF 


NO.  OF 

COPIES  ORGANIZATION 


£2PM  oeqanbation 

2  administrator 

DEFENSE  TECHNICAL  INFO  CENTER 
ATIN:  DTIC-DDA 
CAMERON  STATION 
ALEXANDRIA  VA  22304<614S 

1  COMMANDER 

US  ARMY  MATERIEL  COMMAND 
ATTN:  AMCAM 
3001  EISENHOWER  AVB 
ALEXANDRIA  VA  22333-0001 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRLOP-SD-TA/ 

RECORDS  MANAOEMENT 
2800  POWDER  MILL  RD 
ADELPHIMD  20783-1143 

3  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRLOP-SD-TL/ 

TECHNICAL  LIBRARY 
2800  POWDER  MILL  RD 
ADELPHIMD  20783  1143 

1  DIRECTOR 

us  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRL-OP-SD-TP/ 

TECH  ’TJBUSHINO  BRANCH 
2800  POWDER  MILL  RD 
ADELPHIMD  20783-1143 

2  COMMANDER 
US  ARMY  ARDEC 
ATTN:  SMCAR-TTX: 

PICATTNNY  ARSENAL  N)  07806-3000 

1  DIRECTOR 

BENET  LABORATORIES 
ATTN:  SMCAR-CCB-TL 
WATERVUETNY  12189-4030 

1  DIRECTOR 

US  ARMY  ADVANCED  SYSTEMS 
RESEARCH  AND  ANALYSIS  OFFICE 
ATTN:  AMSAT-R-NR/MS  219-1 
AMES  RESEARCH  CENTER 
MOFFETT  FIELD  CA  94033-1000 


1  COMMANDER 

US  ARMY  MISSILE  COMMAND 
ATTN:  AMSMI-RD-CS-R  (DOC) 

REDSTONE  ARSENAL  AL  33898-3010 

1  COMMANDER 

US  ARMY  TANK-AUTOMOTTVE  COMMAND 
ATTN:  AMSTA-JSK  (ARMOR  ENO  BR) 
WARREN  MI  48397-3000 

1  DIRECTOR 

US  ARMY  TRADOC  ANALYSIS  COMMAND 
ATTN:  ATRC-WSR 
WSMRNM  88002-5502 

1  COMMANDANT 

US  ARMY  INFANTRY  SCHOOL 
ATTN:  ATSH-WCB-0 
FORT  BENNINO  OA  31903-5000 


ABERDEEN  PROVINQ  GROUND 

2  DDL  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP/H  COHEN 

1  CDR,  USATECOM 
ATTN:  AMSTE-TC 

1  DIR,  USAERDEC 
ATTN:  SCBRD-RT 

1  CDR,  USACBDCOM 
ATTN:  AMSCB-Cn 

1  DIR,  USARL 

ATTN:  AMSRL-SL-1 

3  DIR,  USARL 

ATTN:  AMSRL-OP-AP-L 
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NO.(V 

COWES 

1 

1 

1 

1 

1 

1 


1 


I 

1 


NO.  OF 

OROANIZATION  COPIES  ORGANIZATION 


US  ARMY  ODCSLOO  1 

ATIN:  MAJ  MICHAEL  RESTY  JR 
PENTAGON.  ROOM  1C562 
WASHINGTON  DC  2031(M)SS0 

1 

DOD  EXPLOSIVES  SAFETY  BOARD 
ATTN;  DR  WILLIAM  J  MAURTTS 
2461  EISENHOWER  AVE 

ALEXANDRIA  VA  22331  2 

DRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRL-D/DR  JOHN  W  LYONS 
2800  POWDER  MOX  ROAD 

ADELPHIMD  20783-1 14S  1 

DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 

ATIN:  AMSRL-BE-A/DR  ROBERT  RUBIO 

WSMRNM  88002-SS01  1 

DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 

ATTN:  AMSRL-SLAIR  JAMES  J  WADE 

WSMR  NM  88002-SS01  1 

DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRL<a>.T/ 

LTC  MELVIN  J  SCHICHTMAN 
2800  POWDER  MILL  ROAD  1 

ADELPHIMD  20782-1145 

DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATIN:  AMSRL-SLCS/ 

MR  GARRISON  W  STQJL  1 

2800  POWDER  MILL  ROAD 
ADELPHIMD  20783-1197 

US  ARMY  CECXJM 

ATIN:  AMSEL-RD-NV-LPD/  2 

MR  RICHARD  C  RENADU 
10215  BURBEC3C  RD 
PORT  BELVOIR  VA  22060-5806 

US  ARMY  DUOWAY  PROVING  GROUND 

ATTN:  MT-C/MR  DAVID  TOROERSON 

DUOWAY  UT  84022  1 


US  ARMY  DUOWAY  FROVINO  GROUND 
ATTN:  MT-TM/MR  JERRY  W  STEELMAN 
DUOWAY  UT  84022 

US  ARMY  DUOWAY  PROVING  GROUND 
ATTN:  MT-TM-CB/MR  DAVID  PEART 
DUOWAY  UT  84022  v 

US  ARMY  NUCLEAR  &  CHEMICAL  AGENCY 
ATTN:  MONA-CM/MR  EDUARDO  D  SOUVEN  . 

DR  CHARLES  N  DAVIDSON 
7150  HELLER  LCXJP,  SUTIE  101 
SPRINGFIELD  VA  22150-3107 

COMMANDER 
US  ARMY  ARDEC 

ATTN:  AMCPM-MO/MR  EDWARD  O  LEWIS 
PICATINNY  ARSENAL  NJ  07806-5000 

COMMANDER 

US  ARMY  TANK  AUTOMOTIVE  COMMAND 
ATTN:  TACOM-AMSTH-USSS/MRROSSACASE 
WARREN  MI  48397-5000 

USAF 

DET  63,  ASC 

ATTN:  TSOT  ROBERT  D  KINO 
2008  STUMPNECK  ROAD 
INDIAN  HEAD  MD  20640 

USAF 

F-22  SYSTEM  PROGRAM  OFHCE 
ATTN:  ASC/YFEX/MR  JAMES  M  OEHRINOER 
2130  FIFTH  STREET 
WRIOHT-PATTERSON  AFB  OH  45433 

USAF 

ATTN:  ASC/XRESV;MR  HUGH  GRIFFIS 
BLDG  450,  2645  FIFfH  STREET 
WRIGHT-PATTERSON  AFB  OH  45433 

% 

ADPA 

ATTN:  MS  HEATHER  D  BRINTON 

MR  W  BRUCE  HOLT'  • 

TWO  COLONIAL  PLACE,  SUITE  400 
2101  WILSON  BOULEVARD 
ARLINOTONVA  22201-3062 

MOBILE  ELECTRIC  POWER 
ATTN:  MS  KELLY  D  ALEXANDER 
7798  CISSNA  ROAD.  SUITE  200 
SPRINGFIELD  VA  22150 
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NO.  OF 

gQggS  SEgiBgA™ 

1  NAWQPLAITORM  INTERFACE  GROUP 
NAVAL  AIR  ENOINEERINO  STATION 
ATIN:  MR  FRANK  A /VENOSO 
ROinES47 

LAKEHURSTNJ  08733-SOOO 

2  NAVAL  SURFACE  WARFARE  CENTER 
DAHLOREN  DIVISION 

ATIN:  TIMOTHY  J  BAUER/OODB  BSl 
MR  DONALD  L  ROWE/CODE  J42 
17320  DAHLOREN  ROAD 
DAHLOREN  VA  22448-SlOO 

2  BATIELLE 
ATIN:  JN4/ 

COL  RAY  W  BILLS  (RET) 
i;IR  GARY  SnCKEL 
503  KINO  AVB 
COLUMBUS  OH  43201-2693 

2  BATTELLB 

ATIN:  MR  KETIH  JOHANNS 

MR  WARREN  B  CARROLL 
505  KINO  AVB 
COLUMBUS  OH  43201-2696 

1  UTO 

ATIN:  MS  MAROUERnEE  BROOKS 
3580  CINDERBEND  ROAD 
NEWINGTON  VA  22122 

1  SCIENCEANDTECHN(XX)C:(CORPORATION 
UNTTl 

ATIN:  MR  JOSEPH  A  TRIANO  m 
2719  PULASKI  HIGHWAY 
EDOEWOODMD  21040-1315 

2  SCIENCE  ANDTECHNOLOOY  CORPORATION 
ATIN:  MR  SAMUEL  L  HURE 

DR  ADARSH  DEEPAK 
101  RESEARCH  DR 
HAMPTON  VA  23666-1340 

1  OAK  RIDOE  NATIONAL  LABORATORY 
ATIN;  MS  ANNETTA  WATSON 
FO  BOX  2008 
OAK  RIDOE  TN  37831 

1  LOCKHEED 

ATIN:  MR  CHARLES  R  YARBROUGH 
101  ACADEMY  BLVD 
FORT  WORTH  TX  76108 


NO.  OF 

COPIES  OROAN12AT10N 

1  CYPRESS  INTERNATIONAL  INC 

ATTN:  MR  ROBERT  T  WALKER 
1201  E  ABINGDON  DR.  SUTIE  400 
ALEXANDRIA  VA  22314-1490 

1  NAVAL  AIR  SYSTEMS  COMMAND 

AIR  516J,  JTC  0/AS 
ATTN:  MR  PHILIP  WEINBERG 
1421  JEFFERSON  DAVIS  HIGHWAY 
ARLINGTON  VA  22243-5160 

1  HQ  AMC 

ATTN:  AMCCB/MR  DANIEL  K  YU 
ALEXANDRIA  VA  22331-0001 

1  SRS  TECHNOLOGIES 
ATIN:  JAN  R  ROBERTS 
SOO  DISCOVERY  DRIVE  NW 
HUNTSVILLE  AL  35758 

2  RAYCHEM  CORPORATION 

ATTN:  MP102/SS35^RLAWRENCEJ SCHWARTZ 
MP  102^738/MR  DAVIE  A  ENNIS 
300  CONSTITUTION  DR 
MENLO  PARK  CA  94029 

1  MINE  SAFETY  APPLIANCES  COMPANY 

ATTN:  MRRUSSSUCHY 
PO  BOX  428 

PITTSBURGH  PA  152300428 

1  PEO-ARMORED  SYSTEMS  MODERNIZATION 

ATTN:  SFAE-ASM-AO/MR  ALBERT  PUZZUOU 
WARREN  MI  48397-0001 

1  UNITED  DEFENSE  LP 

ATTN:  MD/W50/MS  DEBRA  L  SUTTON 
1107  COLEMAN  AVE 
SAN  JOSE  CA  95103 

1  UNITED  DEFENSE  LP 

ATTN:  MR  FRANCISCO  MAONO 
1107  COLEMAN  AVE,  BOX  367 
SAN  JOSE  CA  95103 

1  UNHED  DEFENSE  LP 

COMBAT  SYSTEMS  DIVISION 
ATTN:  MR  MARK  T  MONDELL 
PO  BOX  15512 
YORK  PA  17405-1512 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  UNITED  DEFENSE  LP 
BMY  COMBAT  SYSTEMS 
ATTN:  MS  JANE  M  JOHNSON 
PO  BOX  1S312 
YORK  PA  1740S-1S12 

1  SAIC 

SIKORSKY  AIRCRAFT 
ATTN:  MR  JAMES  JMUTHIO 
6900  MAIN  STREET/MS  BIOIA 
STRATFORD  CT  06601-1381 

2  SAIC 

ATTN:  MR  MALCOLM  B  MORRISON 
MR  MATTHEW  I  HUTTON 
626  TOWNS  CENTER  DRIVE.  SUITE  20S 
JOPPA  MD  210SS 

1  MCDONNELL  DOUGLAS  AEROSPACE 
ATTN:  MR  SHAWN  H  PARK 
DEPT  2LTyMC  3S-9S 
38SS  LAKEWOOD  BLVD 
LONG  BEACH  CA  90846-0003 

1  EOD  TRAINING  AND  EVALUATION 
UNIT  TWO  E-6/OUNNERS 
MATE  GUNS  FIRST  CL/  S  DIVER 
ATTN:  MR  DENNIS  SO  CONNOR 
FT  STORY  VA  23459 

1  CSC  PROFESSIONAL  SERVICES  GROUP 
ATTN:  MROUVFj;jOZMENT 
SUIIE  203,  3315  BOB  WALLACE  AVE 
HUNTSVILLE  AL  35805 

1  JAYOOR 

ATTN:  MR  WALTER  G  PARKS 
1608  SPRING  HILL  ROAD 
VIENNA  VA  22182-2270 

1  CHESAPEAKE  DEVELOPMENT  INC 
ATTN:  MR  JAMES  EPEAVLER 
POBOX  1130 
SPARKS  MD  21152 

4  CALSPAN  CORPORATION 
ATTN:  MR  ROLAND  J  PEJE 

MR  DAVID  J  MANGINO 
MR  TOM  M  MCMAHON 
MR  JOSEPH  H  CAPPELO 
POBOX  400 

BUFFALO  NY  14225-0400 


1  CALSPAN  CORPORATION 
ATTN:  MR  JACK  R  BURDEN.  SR 
PO  BOX  1405 

SPRINGFIELD  VA  221510405 

2  PINE  BLUFF  ARSENAL 

ATTN:  SMCPB-HST/ILT  USA  PROBY 

SMCPB-PCT/ILT  JULIO  A  MEDINA 
10020  KABRICH  CIRCLE 
PINE  BLUFF  AR  71602-9500 

2  BATTELLE 

ATTN:  MR  JAMES  J  MCNEELY 
MR  STEVEN  A  JONES 
21 13  EMMORTON  PARK  RD,  SUITE  200 
EDGEWOODMD  21040>1087 

1  EAI  CORPORATION 
ATTN:  MR  DENNIS  F  METZ 
1308  CONTINENTAL  DR.  SUITE  J 
ABINGDON  MD  21009-2332 

2  JOINT  PROGRAM  OFFICE  FOR  BIO  DEF 
ATTN:  SFAE-BD, 

MR  JOHN  MINER 
LTC  JAMES  S  HANSEN 
SKYLINE  5,  RM  401 
5111  LEESBURG  PKE 
FALLS  CHURCH  VA  22041 

1  CAMBER  CORPORATION 

ATTN:  DR  WARREN  L  MILLER 
SUITE  403,  200  VALLEY  ROAD 
MOUNT  ARLINGTON  NJ  07856-1320 

1  PM-ALSE 

ATTN:  SFAE-AV-CSE/ 

MR  THOMAS  A  HRASTICH 
4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120 

1  TITAN  CORPORATION 

ATTN;  MRTRHUKKALA 
1900  CAMPUS  COMMONS  DRIVE 
RESTONVA  22091 

1  USMC 

ATTN;  RICHARD  M  JENSEN 
DRPM  AAA  CLARENDON  SQ  BLDG 
3033  WILSON  BLVD 
ARUNCTONVA  22201-3803 


NO.  OF 

CXaPlES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  RAYTHEON  CO 

ATIN:  MR  RICHARD  KEEOAN/MS-1J7 
528  BOSTON  POST  ROAD 
SUDBURY  MA  01776 

1  RAYTHEON  MISSILE  SYSTEMS  DIVISION 

ATIN:  MR  WILLIAM  CASINER 
180  HARTWELL  ROAD 
BEDFORD  MA  01730 

1  ELTECH  RESEARCH  CORPORATION 
ATIN:  MR  ROGER  JCHMURA 
623  EAST  STREET 
FAIRFORT  HARBOR  OH  44077 

1  ASST  DEPUTY  UNDER  SECNAV  (S&S) 
ATIN:  MR  FRED  CROWSON 
CP  S.  RM  162 

2211  JEFFERSON  DAVIS  HIGHWAY 
ARLINGTON  VA  22444-5107 

1  GEOMET  TECHNOLOGIES  INC 
ATIN:  MR  FRANK  W  KELLY 
20251  CENTURY  BLVD 
GERMANTOWN  MD  20874 

1  BRUNSWICK  DEFENSE 
ATIN:  MR  EDWARD  JOINER 
2000  BRUNSWICK  LANE 
DELANDFL  32724 

2  OPTIMETRICS  INC 

ATIN:  MR  MICHAEL  OKIERZEWSKI 
MR  DAVID  M  ENGLISH 
2107  LAUREL  BUSH  ROAD,  SUITE  209 
BEL  AIR  MD  21015-6181 

1  LORAL  UBRASCOPE  CORPORATION 
ATTN:  MR  ROBERT  LANG, 

PROGRAM  MANAGER 
833  SONORA  AVE 
GLENDALE  CA  91201-2433 

1  BELL  HEUCOPIER  TEXTRON  INC 

ATTN:  MSBARBARATHEODAHLyMS«1401 
PO  BOX  482,  DEPT  81 
PORT  WORTH  TX  76101 

1  CSC  PROFESSIONAL  SERVICES  GROUP 

ATTN:  BO  PETER  D  HIDALOO.  USA  (RET) 
PO  BOX  333 

WAVERLY  HALL  OA  31831-0333 


1  TECHNOLOGY  MARKETINO 

ATTN:  COL  JAMES  T  FERGUSON,  USA  (RED 
PO  BOX  987 

MILLERS  VILLE  MD  21108-0987 

1  COMPUTER  SCIENCES  CORPORADON 

ATTN:  MRHUOHAHERBIO/MC212 
3170  FAIRVIEW  PARK  DR 
PALLS  CHURCH  VA  220424528 

1  COMPUTER  SCIENCES  CORPORADON 

ATTN:  MR  TOM  mPPENSTEELE 
2107  LAUREL  BUSH  ROAD.  SUITE  206 
BEL  AIR  MD  21015-8932 

1  KAISER  ELECTRONICS 

ATTN:  MS  THEA  BUCHANAN/MS  65 
2701  ORCHARD  PARKWAY 
SAN  JOSE  CA  95134 

1  TECHMATICS  INC 

ATTN:  MR  E  KNIGHT  CAMPBELL 

SUITE  lOOO,  2231  CRYSTAL  DRIVE 
ARLINGTON  VA  22202 

1  3M 

ATTN:  MR  ROBERT  CHASE 
6801  RIVER  PLACE  BLVD 
AUSTIN  TX  78726-9000 

1  CHAMBERLAIN  MRC 

ATTN:  MS  KATHLEEN  M  CONSIDINE 
336  CLUBHOUSE  LANE 
HUNT  VALLEY  MD  21030 

1  BOOZ,  ALLEN  &  HAMILTON 

ATTN:  MR  MICHAEL  I  D’ANDRIES 
AIRPORT  SQUARE  8.  SUITE  150 
891  ELKRIDOE  LANDING  ROAD 
LINTHICUMMD  21090 

1  HQTRADOC 

ATTN:  ATCO-SB/MR  WARREN  DKON 
FT  MONROE  VA  23605 

1  GENERAL  DYNAMICS  LAND  SYSTEIvIS 

ATTN:  MR  NORMAN  DYER 
PO  BOX  2074 
WARREN  MI  48090-2074 


NaOF 

COPIES 

1 


3 


S 


3 


3 


3 


1 


NO.  OF 

ORGANIZATION  COPIES  ORGANIZATION 


LTC  MELVIN  SILVERMAN,  USA  (RET)  47 

313  TARTAN  GREEN  COURT 
JOPPA  MD  210854324 


ABERDEEN  PROVING  GROUND 

CDR,  USAARDEC 
ATTN:  SCBRD'RT-ASM/ 

MR  KENNETH  S  ENG 
MR  JEFFERY  S  HOENE 
MR  ROBERT  E  PLANK,  JR 

DIR,  USAERDEC 

ATTN:  SCBRD-AD/MR  ROBERT  J  PUHALA 
SCBRD'ASC/MR  ROY  C  ALBERT 
SCBRIUX/MR  FRANK  J  BELCASTRO 
SCBRD-AST/DR  AMNON  BIRENZYIOE 
SCBRD-RTC/MR  WENDEL  J  SHUELY 

CDR,  USACBDCOM 

ATTN;  AMSCB-GO/BO  GEORGE  E  FRIEL 
AMSCB-EO/ 

MR  WILLIAM  S  MAGEE,  JR 
MR  JAMES  L  MOUVRIOAN 

DR,  USAMSAA 
ATTN:  AMXSYCB/ 

MR  ROBERT  A  BLANKENBILLER  1 

MR  MKEY  N  CARROLL 

MREDJPERRI 

DR,  USAEHA 
ATTN:  HSHK-MO-A/ 

MR  ROBERT  A  GROSS 
MR  GEORGE  R  MURNYAK 
HSHB-ZA/MR  STEPHEN  L  KISTNER 

CDR.  USATECOM 

ATTN:  MAJ  JEFF  C  SWITZER 


DR.  USARL 

ATTN:  AMSRL-SL4:/MRWILLJAMJ  HUGHES 
AMSRL-SL-CD/MR  ANDREJ  BEVEC 
AMSRL^LCEAR  ROLAND  A  PQUMADEI 
AMSRL-SL-CM/ 

MR  LOU  E’EUCIO  (26  CP) 

MR  DENNIS  W  BAYLOR 
MR  DREW  B  FARENWALD 
MR  MATTHEW  B  KAUFMAN 
MR  MARK  A  SILVESTRI  « 

AMSRL-SLCO/ 

MR  ROBERT  K  MURK 
MR  JAMES  F  MYERS 
AMSRL-SL-CS/ 

MR  JOHN  BEILFUSS 
MR  JOSEPH  A  ANDRESE 
MR  JOHN  J  FRANZ 
MS  JENNIFER  L  KELLEY 
MR  JOHN  D  MAJESKI 
MR  JAMES  FNEALON 
MS  DONNA  ORLANDO 
MR  ALBERT  W  PRICE 
MR  RONALD  A  WEISS 
AMSRL-SL-I/ 

MR  DAVID  F  BASSETT 
MR  TIMOTHY  D  MALLORY 
MR  E  MICHAEL  VOGEL 

US  AIR  FORCE  ARMSTRONG 

ATTN:  USAF  AUCFBD/MR  NOAI  WONG 

BLDOE3234 
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OROANlZA'nQN 


FRENCH  EMBASSY 
DEFENSE  CORP  OFFICE 
ATIN:  MR  MARC  BERNIER 
4101  RESERVOIR  ROAD  NW 
WASHINOTON  DC  20007-2172 


iNIWnONALLY  LEFT  BLANK. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 

This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number  ABL--CR-189 _ Date  of  Report  October  1994 _ 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  will  be  used.) _ 


V  -  -  -  .  - 

<( 

4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of 
•  ideas,  etc.) _ 


S.  Hhs  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  em?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  ftrture  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State.  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address 
*  above  and  the  Old  or  Incorrect  address  below. 

« 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


